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ABSTRACT

Measurements of steady, symmetric and non-symmetric planing forces
N and moments on a series of prismatic hulls are tabulated and discussed.
v An analytical represantation of thc¢ forces and moments due to an out=-

| board engine is derived. Curve fits of the data together with the out-
board engine representation are used to predict (a) straight course

N equilibrium conditions, (b) directional stability of these equilibrium

conditions with roll fixed, and (c) steady turning equilibrium conditions,

Lt Zadhbi

A comparison is made between these calculated results and measured turn-

ing diameter of a typical full-scale recreational planing craft.
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Marine Craft Design
Hydrodynamics of Planing Surfaces
Stability and Control
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INTRODUCTION

At the present time, safety requlations for recreational »laning
craft include intact buoyancy and maximum loading requirements bised on
hydrostatic equilibrium and stability, together with maximum safe horse=-
power limit based on a formula involving several boat dimensions. These
requlations do not take account of dynamic response capability of ths
boat while underway. The relationship between parameters describing the
hull, engine and load and boat dynamics underway can be studied by means
of a reliable simulator for recreational planing craft, Once developed,
this simulator could be used to study the relationship between boat param-
eters and the risk of accidents while underway, then with the resultant
understanding of dynamic effects, a rational powering safety regulation
can be developed. At the same time, thz information generated while de-
veloping and usiiig this recreational planing craft simulator, can be

published in a form which woild be of great use to designers.

"n order to simulate recreational planing craft, an anlytical repre-
sentation is required for the various forces and moments acting on the
craft. Presently, available planing force formulations for a wide range
of Froude No. include only those for steady symmetric chines=wetted plan-
ing as described in References 1, 2 and 3. Attempts to extend these
formulations to unsteady symmetric planing have not been successful, As
an initial step, therefore, the cbjective of the present study was to ex-
tend the planing force formulation to steady, symmetric and non-symmetric
plening conditions typical for recreaticnal planing craft and to utilize
the resulting empirical formulation to predict some important operatioral

characteristics.

An experimental program was carried out to acquire the hydrodynamic
planing force data for steady, symmetric and non-symmetric planing condi=-
tions with prismatic models having deadrises of 10, 15 and 20 degrees,

The emphasis of the study was on the so-called ''‘chines dry' planing condi-

tions typical for recreational planing craft operaticn. This contrasts
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with the chines wetted planing conditions typical for more heavily 'oaded
commercial and military planing craft, for which extensive data already
exist, (For example, Refs. 1 and 2.) The resulting data are tabulated ‘

in Appendix A in dimensionless iorm. To obtain the desired empirical

formulation for the hydrodynamic forces, these data were curve fitted
using the proredure described herein qiving the results presented in

2 Appendices B and C. An analytical representation of the forces and mo-
- ments applied by an outboard motor was derived as showii in Appendix D.
Finally in Appendix E the resulting empiricai model! of a recreational

planing craft was utilized to predict (a) straight course equilibrium con-

E ditions, (b) fixed roll directionel stability for these equilibrium condi=
b

1 tions, and (c) steady turning equilibrium conditions. The straight course
% equilibrium conditions are tabulated and can be used by recreational craft

designers,

The results obtained are discussed herein and recommendations are

made for continued effort to achieve the long-term objective of develop~-

da ot S e Lt

ing a reliable simulator for recreational planing craft.

- This work was sponsored by the U.S. Coast Guard under Contract No.
DOT-CG-43152-A, Davidson Laboratory Project 4209,/390.
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EXPERIMENTAL PROGRAM

Previous experimental studies of hydrodynamic forces acting on
planing hulls deal with parameter ranges typical of military and com=-
mercial craft which are generally much more heavily loaded than recrea-
tional planing craft. Furthermore, these studies have concentrated on
steady symmetric planing conditions with chines wetted due to the loading.
References 1, 2 and 3 are typical examples of previous studies leading to
empirical formulations for steady symmetric planing forces with chines
wetted. In References 4 and 5, non-symmetrical planing conditions have
been considered but the range of speed coefficient and trim angle is much
larger than those for recreational planing craft, Many attempts have been
presented for describing the unsteady symmetrical planing forces in terms
of combined theoretical and empirical results but these derivations have
failed to be verified for a significant range of parameters. The measure-
ments reported in Reference 4 show that the two sides of a prism.cic
nlaning surface cannot be treated independently as half of an equivalent
symmetrical planing surface, so that empirical formulations based on this

assumption, such as in Reference 10, do not agree with measurements.

For the long-term objective of the present work, a representation of
the hydrodynamic forces is required for non-symmetric and non-steady
chines dry planing typical for recreational planing craft. As a first
step in fulfilling this requirement, an experimental program has been
carried out to extend the definition of the hydrodynamic forces on planing
hulls to noa=-symmetric, steady planing conditions. More precisely, the
objective of this experimental program is to define the steady hydrody-
namic drag, side and heave forces, and roll, pitch and ysw moments acting
on planing nulls as a function of dr~ft, roll, trim, speed, sideslip and

turning rate.

Three prismatic models were constructed with deadrises of 10, 15 and
20 degrees, as shown in Figure 1. Bulkheads at the bow ard stern and two

intermediate lucations maintained shape integrity. The chines and hawser

o, il L0 Ol RT3 LB ik L U e e e e e e Al e e e
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were made sharp to insure separation of flow. The keel was also not
rounded or flattened since in cross flows the sharp corner at model
scale Reynolds Numbers should be more representative of typical keel

sections at full=-scale Reynolds Numbers.

Inside the models, a pitch=roll gimbal was moun.ed with the roll
axis as near the keel as possible and with the pitch axis just above the
roll axis. A sketch of the support apparatus, including the pitch-roll
gimbal, is shown in Figure 1, Roll angles can be set at intervals of
2.5 degrees up to 30 degrees in either direction. Pitch angles can be

set at intervals of | degree from 0 to 10 degrees up by the bow,

As shown in Figure 1, a force and moment balance is mounted above
the pitch=roll gimbal. Before each test phase, the balance was mounted
on a calibration setup and five outputs were calibrated, viz., drag and
side forces as well as roll, pitch and yaw moments, The balance was
mounted on a free-to-heave apparatus which allowed the model-gimbal=~
balance system to move vertically. Unloading weights pushed up on the
free-to-heave apparatus and the amount of these weights was adjusted to
give the desired vertical load. The vertical motion of the free-to~heave
apparatus was measured in each test to define the draft of the model!. The
entire apparatus was supported on a yaw adjustment device where the yaw
angle was continuously adjustable and could be set accurately by means of

a protractor,

Since the balance moved with the mndel in yaw, but not in pitch and
roll, and since the measured moments are referred to the balance center,
a transformation is required to obtain forces and moments in hull co-
ordinates from measured forces and moments. The tabulated measured re-
sults and the curve fits of the data are in '"balance coordinates' which
are defined as follows. The longitudinal! force axis (Xs) is horizontal,
in the centerline plane of the hull at zero roll, and is positive forward,
The side force axis (YS) is horizontal, normal to the centerline plane of
the hull at zero roll and is positive to starboard. The vertical force
axis (ZS) is vertical and is positive down. The roll (KS), pitch (M

Y
s’ 'S
respectively, positive in the right-hand sense. The origin of the balance

\
S/

and yaw (NS) moments are moment components about the X and Zg axes,

coordinates is at the center of the balance. These axes are shown in

L
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Figure 1.

Tests were conducted on straight course over a range of speed in
Davidson Laboratory Tank No.3 and in circular paths for a range of speed
and radius in DL Tark No.2. 1In this way the desired information was
generated as measured values of speed, draft, drag and side force and
roll, pitch and yaw moment, for set values of vertical load, radius, and

roll, trim and sideslip angles,

In setting up the test program, the boat configurations, dimensions,
and speeds tabulated in the full-scale test program in Reference 6 were
considered representative of the range of parametars for recreational
planing craft. Since the ocbjectives of the present study go beyond
equilibrium conditions, the range of trim and vertical loads was increased
so that a wide range of drafts would be covered. Because of this extended
range of load and since recreational craft are lightly loaded to begin
with, the range of parameters covered in this study deals predominantly
with chines dry planing conditions where the stagnation line intersects
the transom. As a result, a few of the heavier load conditions tested
here fall in the range of lightly loaded conditions tested previously for
commercial and military craft, while the middle to lightly loaded range
tested here is not comparable to previous test results or empirical formu=-
lations. The test program covered the range of parameters shown in Table 1.
Because of the large number of set parameters and the limited resources of
this study, it was not possible to conduct a systematic variation of set
parameters with adequate coverage. Alternatively, a random selection of
combinations of set parameters was derived. In addition, short series of
tests were carried out varying only one parame:er at a time and one com=
bination of parameters was repeated several times for each hull, at each

radius in the circular course tests.

In each run the transducer outputs were integrated over the time re=
quired to traverse a preselected test run length and the corresponding
time was also measured. Each integrated output was divided by time, the
signal level corresponding to zero physical units was subtracted and the
results were multiplied by celibration constants to obtain measured re-

sults. The test run length divided by measured time gave the speed for

"
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each run, Signal levels corresponding to zero physical units were ob-

tained prior to each run. The resulting data which include air drag

have been tabulated in Appendix A in dimensionless form. Measurements

of forces and moments acting on the model at various speeds in air were

obtained but have not been analyzed or subtracted from corresponding
v measurements because of their relatively small magnitudes and because

prototype craft do indeed experience air drag.

In analyzing the planing data, the six force and moment components:
drag, side and vertical force and roll, pitch and yaw moment in balance

coordinates. were treated as functions of six parameters: longitudinal

and sideslip velocity components in body axes, draft at the transom-keel

e YA ey

intersection (measured normal to the w-.ter surface), roll, trim and turn-

ing rate. This assumed functional r lationship was approximated by a

Taylor Series expansion up to thi . order terms. Port and starboard sym-
metry was assumed and terms not satisfying this requirement were dropped,
The resulting expressions for each force and moment component are listed

in Appendix B, tcgether with all necessary transformations. The coef-

T T T B TR

ficients in the resulting fitting functions were obtained by the least 41
| squared error technique for each of the six force and moment components §
and are listed in Appendix C.

The following procedure was used in applying the least squared error
: technique to each force or moment component. First, obviously erroneous

data points were deleted. Secondly, the least squared error coefficients

were calculated., Thirdly, the deviation of every measured point from the
resulting fitted expression was calculated as well as the mean deviation

and root mean squared deviation of all data points used to obtain the co-

g,
]
|
b

F .
L

L

1

efficients. Qutlying data points were then deleted and steps 2 and 3 ?

were repeated. This procedure was continued until the low order coef=- ?
ficients in the fit and the overall statistics of the fit stabilized.

Firally, the resulting expressions were corrected for centrifugal force

and moment effects on the experimental apparatus below the balance, as

fw e a

described in Appendix B. The predicted force and moment components using

the empirical fitare listed for each data point in Appendix A. Points

not included in the final coefficient estimates have been marked with an
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asterisk. The forces and moments inaccuracies introduced by transforma-
tions would not influence the values of coefficients. |If desired, the
most practical way to obtain the corresponding empirical fit in hull
coordinates woula be to generate a hull coordinate data set using the

balance coordinate expressions, then fit the hull coordinate data.
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PROPULSION AND CONTROL SYSTEM

Recreational planing craft of the type considered in this study are
propelled by outboard engines, where directional control is affected by
P turning the propeller thrust vector relative to the hull and speed con-

é trol is affected by throttle setting., This propulsive and control system
can be characterized by (a) defining the geometric relationship between
the thrust direction and the hull, (b) defining the relationship between

propel ler thrust, torque, inflow speed and rpm, (c) defining the relation-
ship between engine rp. and torque, and (d) defining the relationship be-
tween rudder geometry, inflow speed and rudder forces. The relationships

used in this study are given in Appendix D. ?

In defining the relationship between thrust direction and hull co-

ordinates, it was assumed that the propeller thrust acts along the
propeller axis and that the side and vertical force components acting on
the propeller can be ignored. Previous investitigations have shown that

a propeller operating in an inclined flow does develop a force normal to

e e T e, ——— TR e R Y T T AT

the propeller axis, with magnitude proportional to the angle of flow in- j |

clination. But the angle of inclination between the propeller inflow

velocity and the propeller axis is quite small for the case of steady
planing conditions. Accordingly, the propeller thrust direction is de- ‘fi
termined geometrically by the location of the tilt pin axis relative to .
the hull coordinate system, the tilt angle of the motor, the turning axis

location, the engine turning angle and the location of the propelier axis.

These geometric relationships are described in detail in Appendix D.

The relationship between propeller inflow speed, rpm thrust and tod

‘
)
;
4
2

torque is assumed to be given by the propeller charts given in Reference 7.
The propeller inflow speed is taken as the component along the propeller
axis of the velocity relative to still water, of a point on the propeller
axis at the center of the propeller. Possible effects of propeller cavi~

tation or ventilation have been ignored in this initial study as well as i

any hydrodynamic interactions between the propeller, rudder and hull,

ol e
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The engine torane-rpm relationship was obtained from a least squared
error curve fit of measured data supplied by one outboard engine manu=-
facturer for six different models at full throttle. These data and curve

fit are shown in Figure 2 in dimensionless form to preserve the propriety
of the data.

With these relationships, the propeller rpm for engine-propeller
torque equilibrium can be determined, the thrust magnitude for this rpm
can then be calculated. Combining this thrust magnitude with the thrust
direction given by geometrical relations yields the forces and moments in

hull coordinates jiven in Appendix D for the outboard propeller.

The side force and drag forces on the rudder, which moves with the
lower unit of the outboard motor, were evaluated using finite aspect ratio
wing theory. The spar length used tc calculate the aspect ratio was the
distance from the ventilation plate to the lower tip of the rudder and the
area used was the projected side area of the lower unit below the ventila-
tion plate. Thus, no account was taken of the free water surface which
normally is a fraction of an irnch above the ventilation plate. At this
time, the combined effect of the ventilation plate and the free surface
on the rudder force cannot be evaluated or estimated from available data,
The rudder angle of attack and relative speed tnrough water were evaluated
in a plane normal to the engine turn axis, using the velocity components
normal to and parallel to the rudder centerline plane, at the rudder area
centroid. The rudder 1ift and drag were assumed to act normal to the
engine turn axis as well as normal to and parallel to the component of
the relative fluid velocity normal to the engine turn axis. The rudder

drag force includes profile drag and induced drag.

o Bk
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ANALYTICAL PROGRAM

The equations of motion together with various kinematical relation-
ships and transformations as derived for example in Reference 8, form the
basis of the mathematical model of a recreational planing craft. To this
basis must be added the analytical relationships for the forces and mo=
ments acting on the craft, |In this study we are concerned with hydrody-
namic forces acting on a planing hull due to its st ady motion through
the water and hydrodynamic forces acting on the lower unit of the outboard
engine. The data obtained led to empirical expressions for all hydrodynamic
force and moment components acting on the hull for symmetric and non-sym-
metric steady planing conditions as given in Appendices & and C. In addi-
tion, an analytical representation of the hydrodynamic forces acting on

the propeller-rudder of the outboard motor has been derived in Appendix D.

With the results obtained in this study, the mathematical model of a
recreational planing craft with an outboard motor can be utilized to ana-
lyze straight course equilibrium conditions, straight course directional sta-
bility with roll fixed, and steady turning equilibrium conditions. The de-

tailed analyses which give these results are derived in Appendix E.

Straight Course Equilibrium

Straight course values of trim and draft for heave force and pitch
moment equilibrium were evaluated for a range of values of speed, load and
longitudinal and vertical center of gravity positions. 1In this calculation,
the pitch moment due to propeller thrust was ignored but this approximation
does not significantly affect the predicted results for no engine tilt.

The results listed in Tables E~1 through E-=24 can be used to find equili-
brium trim and draft of a recreational planing craft as follows: First,
find the appropriate table for the deadrise and estimated center of gravity
location relative to the keel-transom intersection. Then enter the table
at the desired speed and load to find the estimated trim and draft at

equilibrium., The corresponding effective horsepowsr required at this

10
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equilibrium condition has also been calculated. . Since this is based on
mode! tests which were not corrected for the difference between model
and prototype Reynolds Number, this effective horsepower estimate should

be higher than actuaily required. A sample calculation is carried out
in Appendix E.

Straight Course Directional Stability

Also shown in Tables E-]1 through E-2L are directional stability roots
for small perturbations from each equilibrium condition. A root with pos-
itive real part indicates an unstable response while a negative real part
is stab'2, Complex roots mean the predicted response is oscillatory while
real roots imply an exponential response. The system considered in this
analysis includes sideslip and yaw, while surge, heave, roll and trim are
held fixed as are the steering and throttle controls. For th; calcula-
tion of directional stability indices, ignoring surge, heave and pitch
is a good approximation since these motions are not strongly coupled with
sideslip, roll and yaw in the linearized system of equations., However,
roll motions are coupled with sideslip and yaw motions and this degree of
freedom is expected to have an effect on directional stability. The de-
gree of dynamic roll stability may, in fact, be very significant in judg-
ing =safety. Unfortunately at this time there is no way to estimate the
hydrodynamic forces and moments due to roll motion perturbations since
these are in the non-steady category which has not yet been treated in any

available literature. Additional work in this area is deemed imperative.

The contribution of the rudder to controls«fixed directional stability
has been included in Tables E~1 through E-24 but any contribution due to
propeller side force has been neglected. The latter assumption should be
verified. Added inertia terms were also neglected and this assumption

would be verified as part of the recommended program described subsequently.

Steady Turning

Steady turning equilibrium conditions can be calculated from the six
equations of motion :ogether with the constraints of zero vertical velocity

2ad propeller-engine torque equilibrium. The hydrodynamic forces on the

1
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hull can be evaluated using the results presented in Appendices B and C
while the propeller and rudder forces can be evaluated using the results
shown in Appendix D. The detailed analysis of turning equilibrium con-

ditions is described in Appendix E. These equations were also used to

; calculate straight course equilibrium conditions. The results were

i found to be in agreement with corresponding results obtained from Tables

f E=1 through E=24 which show that the contribution of propeller forces to

i. straight course equilibrium conditions can be ignored.

: ]
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DISCUSSION OF RESULTS

The resuits obtained in this study include:

L 1. measured ‘orces and moments for symmetric and non-symmetric
N

‘ steady planing of prismatic hulls over a iange of parameters
[
of interest for recreational planing craft;

an empirical planing force formulation based on least squared
E error curve fits of the measured data together with a Taylor

% Series expansion up to third order terms, with the assumption
K

that the centerline plane of the hull is a plane of symmetry;

3. derivation of the equations describing the propulsion and
control characteristics of an outboard motor with attached

? rudder, assuming engine-propeller torque equilibrium;

utilization of the empirical planing force formulaticn to

| evaluate straight course equilibrium conditions;

5. utilization of the empirical planing force formulation to
evaluate directional stability with fixed roll, at the

straight course equilibrium conditions, and

utilization of the empirical planing force formulation to

evaluate steady turning equilibrium conditions.

The dimensionless, measured forces and moments are described and

listed in Appendix A, together with the corresponding attitude and

velocity parameters. The empirical planing force formulation as obtu:ned

from curve fitting these data is shown in Appendices B and C and the cor-

& responding predicted values are listed together with the data in Appendix A.

The overall mean error between the measured values and the corresponding

predicted values are listed at the bottom of each table in Appendix A as

well as the standard deviation of the error. The mean error is seen to be

generally two or more orders of magnitude less than the maximum value of

each measured force or moment component while the standard deviation is

generally one or more orders of magnitude less than the maximum measured

13
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value. The low value of standard deviation indicates that the fit is
relatively good. However, the mean error should in principle be zero and
in practice should be several orders of magnitude smal'~~ than the listed
values. |In addition, a cursory glance at the straight ccurse data, w'=0
compared with the circular course data, w'#0 , shows that the fitting
error appears to be greater generally for the straight course data. On
the other hand, the results obtained u<ing the empirical pianing force
formulation evaluated here, in the thru2 applications discussed below,
yield reasonable results and correctly predict expected trends. In view
of (a) the mean fitting error, and (b) the apparent difference in fitting
error between straight course and circular course data, together with the
conflicting evidence, (c) the small value of standard deviation of the
fitting error, and (d) correct prediction of trends and reasonable values
obtaired in the applications, it is suggested that the curve fits obtained
in this study are generally corract in describing the trends of the forces
and moments due to planing but that some additional data analysis effort
may yield an improved formulation which will give even more consistent

results.

In describing the forces and moments due to an outhoard motor, sev-
eral assumptions were made which should be verified by experimental meas-
urements, First of all, it was assumed that the side force and vertical
force acting on the propeller due to inflow inclination are negligible.
This assumption is appropriate for the purposes of this initial investiga~
tion since the angle of flow inclination is small for steady p'aning con-
ditions. However, for the final objective of a recreational planing craft
simulator, lateral forces on the propeller should be studied further. For
example, the propeller vertical force may contribute to pitch damping,
and the side force to roll damping. Secondly, in treating the side force
and drag on the rudder, finite aspect ratio wing theory was used here,
assuming that the ventilation plate was a wing tip. |In reality the venti-
lation plate and the free water surface, generally a fraction of an inch
above the ventilation plate, will have conflicting effects on rudder side
force. Finally, no ventilation or cavitation effects are included in the

outboard representation used here. Both of these phenomenon can have
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significant steady effects and possibly catastrophic transient effects,
Accordingiy, it is recommended that further study and development are
needed to ertend the outboard formulation used here to include addi-

tional significant effects.

The evaluation of straight course equilibrium conditions using the
empirical planing force formulation presented here is described in Ap=
pendix E and an extensive tabulation of results is listed in Tables E=]
through E-24, An illustrative design problem is also stated and solved
in Appendix E using the tabulated equilibrium conditions, This example
shows the potential usefulness of the results of this effort to the
recreational planing craft Jesigner. Once a consistent and validated
curve fit of these data is obtained, a graphical presentation of corre-
sponding results can be prepared so tha: the designers can estimate
straight course equilibrium conditions quickly and reliably., In fact,
the conditions listed here do fairly well in comparison with full=scale
measured results presented in Reference 9, and in comparison with corre=-
spondirg predictions with validated symmetrical planing formulations for
the more heavily loaded conditions of this study. Furthermore, the trends
nf various equilibiium parameters observed in Tables E-l through E-~24
ayree with expactations based on previous experience. C(onsequently, the
prescnt results are adequate for engineering estimations of straight

course equilibrium conuitions.

By considering the response to small perturbations from straight
sdurze equilibrium with throttle and steerirg fixed, the dynamic stability
ot the equilibrium conditions can be analyzed. For this case, the six mo=
tion components can be divided into a pair of three component systems and
the cross coupling between the s,stems usually can be ignored. The pair
of three component sysi=ms are surge, heave and pitch angle on one hand,
and sideslip angle, roll angle and yaw rate, on the other hand. In study-
ing the former system, the well=-known phenomenon of pcrpoising can be in-
vestigated, while in the latter system, directional stability can be ana-
lyzed. |In elther case, since transient motions are involved, the forces
due to non-steady planing must be available. At the present time, there

are no applicable formulations for most of the unsteady force and moment
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compcnents. The empirical planing force formulation presented here however
does include the effects of sideslip angle and yaw rate but not the ef=-
fects of non-steady roll motiuns. With this formulation, the directional
stability can be analyzed for the simplified case of fixed roll, i.e.,
perturbations in roll motion are ignored. The resulting predictions of
directional stability indices should show general trends correctly but

roll motions are expected to have some influence on directional stability
measures. Dynamic roll motion stability may in fact have significant in=
fluence on safety. For illustration purposes and to investigate trends,
the fixed roll directional stability was analyzed for each of the straight
course equilibrium conditions listed in Tobles E=1 through E-24, The anal-
ysis procedure is described in Appendix E, and the resulting directional
stability roots are listed next to each equilibrium condition, The pre~
dicted trends of o ectional stability appear reasonable; however, the
large number of unstable conditions for 10 and 15 degrees of deadrise does
not seem reasonable. |t should be noted here that stability conditions

are more sensitive to high order terms in the empirical fit than equili=
brium conditions, and that these higher order terms would be more sensitive
in turn to small inconsistencies in the data set or fitting procedure. Con=
sequently, improvement in stability prediction reliability can be antici-
pated as the result of the additional data analysis effort suggested
previously. Furthermore, additional experimental information is required
to extend the empirical planing force formulation to non-steady planing
conditions so that the stability of the pair of three component systems
listed above can be analyzed. Once a reliable and consistent empirical
planing formulation is obtained, the stability margins can be shown in the

same graphs or tables as the straight course equilibrium conditions, so that

recreational planing craft designers will be able to use the results readily.

The evaluation of steady turning equilibrium conditions is described
and illustrated in Appendix E, and the results of a series of calculations
are listed in Table E-26. The trends of predicted turning conditions with
engine turn angle appear reasonable, 1t was attempted to compare predicted
turning conditions with corresponding full-scale measurements described in

Reference 9. However, solutions to the equilibrium equations could not be
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obtained for engine turn angles greater than 4 to 5 degrees., Since the
numerical nrocedure used to solve the fuli set of equations depends on
higher order coefficients in the empirical fit, as did stability condi-
tions, small inconsistercies in the data or data fitting procedure could
be the source of the problem In obtaining solutions for larger engine
turn angles, (Consequently, several simplified calculations were carried
out to judge whether or not the empirical planing force formulation to-
gether with some full=scale measured results gave reasonable turning

characteristics, For the 5000 rpm, slow turn described in Reference 9,

the sideslip angle required to obtain side force equilibrium was estimated.

Using the empirical results for the hull side force and roll moment, to=
gether with the measured turning radius and straight course speed, the
sideslip angle and roll angle required to obtain side force ard roll mo=-
ment equilibrium were -8 degrees and =7 degrees, respectively. The pro-
peller and rudder forces were estimated using the expressions in Appendix
D, together with the measured engine turn angle. Both of these results
seem reasonable, (The value of zero degrees roll angle reported in Ref=
erence 9 does not seem reasonable for this turn.)

The trend of the predicted tur-ning radius listed in Tabie E=26, if
continued, yields a tighter turn than reported in Ref. 9. Ventilation
of the rudder (partial, if not complete) could account for this potential
discrepancy. Consequently, the need for a study of outboard ventilation
suggested previously, is reinforced. Small waves such as seen in the
photograph in Reference 9 could also tend to increase turning radius so
that the potential discrepancy, if the trend in predicted turning radius

is continu~d, could be explained by ventilation or waves.

17

i

bt st

et et e o e ke sl i

E&; i s it A b i ek s s

A adae a s . . (ORISTIRS - = - -



R=1851

CONCLUSIONS AND RECOMMENDATiONS

Measired forces and moments for symmetric and non=symmetric steady
planing conditions for lightly loaded planing surfaces typical of recre=-
ational craft were curve fitted to obtain an empirical planing force
formulation which was then utilized in three applications, A moderate
degree of confidence can be given to this empirical planing force formu«
lation since (a) the standard deviation of the curve fitting error is
one or more orders of magnitude less than the maximum force or moment
component, (b) all expected trends of predicted values in the applications
were obtained, and (c) the values of the predicted straight course equi-
librium conditions agree with values predicted by a validated symmetric
planing force formulation and with measured full=scale values. O0n the
other hand, the need for additional effart in data analysis to obtain
even grcater reliability and consistency is indicated by (a) the mean fit-
ting error of two orders of magnitude less than the maximum force or mo-
ment component is considered not sufficiently small, and (b) the mean
fitting error of the straight course data is different than that of the

circular course data.

The empirical planing force formulation for steady planing conditions
was utilized to predict straight course equilibrium conditions over a wide
range of parameters and the results were tabulated in a useful form for the
planing recreational craft designer. These results were found to be in a-
greement with corresponding full-scale measurements and with corresponding

predictions using a validated symmetric planing force formulation.

The empirical planina force formulation for steady planing conditions
was used to analyze the directional stability with fixed roll for the
straight course equilibrium conditions and the results were tabulated with
each condition. The trends of the predicted stability measures are in a-
greement with expected behavior but, for low deadrise and rcasonable longi-
tudinal center of gravity positions, the predicted values of the stability

measures seem to be too unstable.
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The empirical planing force formulation for steady planing conditions

was used to analyze the steady turning equilibrium conditions. The trends
of predicted conditions are in agreement with expected behavior, However
reasonable solutions to the complicated turning equilibrium equeations
could be obtained only for engine turn angles up to 4 to 5 degrees, Sim-
plified calculations using elements of the empirical planing force formu-
lation together with results from full-scale measurements gave reasonable
results,

Based on these observations and conclusions, it is recommended that
continued effort is needed to develop a planing recreational craft simula=-

tor which can be used to study safety related problems and which car gen=-

erate substantial useful design information for these craft. In particular,

the following specific programs are recommended:

1) Continued analysis of the available steady, symmetric and non- ,é
symmetric data, leading to final expressions for the empirical
planing formulation for symmetri: and non-symmetric steady
planing, together with publication of design charts for pre-
dicting straight course equilibrium conditions, directional
stability at each condition and steady turning equiliibrium

conditions,

2) Initic-e non-steady planing tests with one degree of freedom
to develop equipment and data analysis procedures and to obtain
first estimates of some of the non=steady planing force terms
such as heave, pitch, and roll velocity dependent forces and
moments. Apply results to prediction of directional stability
including roll motions and to the prediction of porpoising sta-
bility.

3) Continued effort in full=scale verification of predicted results
with the development of a reliable instrumentation package which
would sense and record essential parameters such as speed, side-~

slip, angular velocity components, accelerations, rpm ana engine

turn angle.

L) Measurement of thrust and torque for typical outboard propellers

19
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to verify the use of available propeller charts including

cavitation inception.

5) Measurement of forces normal to an outboard propeller shaft
due to inclined inflow to the lower unit, together with ob=
servations of ventilation inception with particular attention
to the relative position of ventilation plate and keel. Also,
estimation of the potential significance of hydrodynamic inter-
actions between propeller and rudder, propeller and hull and

between the free surface and lower unit of outboard.

With the results of this program, a reliable simulator for planing g
recreational craft can be developed which can be utilized to make detailed 4
studies of safety related problems, for a wide class of planing recreational
craft. The simulator as well as each phase of the recommended program will
also generate substantial advancement of the state-of-the-art for the design
of planing recreational craft, in the form of detailed design information

easily usable by designers.

20

T S U P Or G BNy N NN

i

B T T e STy sy TTpr Aoy e e i e e e a0




;
;
g

-

e

1 ————— T

m-n oo

R-1851

REFERENCES

1. Savitsky, D., 'Hydrodynamic Des gn of Planing Hulls,' Davidson
Laboratory Report 1000, December 1963.

2. Brown, P.W., 'An Experimental and Theoretical Study of Planing

Surfaces with Trim Flaps,' Davidson Laboratory Report SI1T-DL-71~
1463, April 1971,

3. Brown, P.W., YAn Analysis of the Forces and Moments on Re=Entrant

Vee-Step Planing Surfaces,'' Davidson Laboratory Letter Report 1142,
May 1966,

Savitsky, D., Prowse, R.E. and Lueders, D.H., ''High-Speed Hydrody~
namic Characteristics of a Flat Plate and 20  Dead-Rise Surface in

Unsymmetrical Planing Conditions,' NAZA Technical Note 4187, June
1958,

5. Smiley, R.F,, 'A Theoretical and Experimental investigation of the
Effects of Yaw on Pressures, Forces and Moments During Seaplane
Landings and Planing,'" NACA Technical Note 2817, 1952,

6. White, R.W., Bowman, J.0. and Patrick, S.L., ' — Standards Analysis —
Powering/Performance Evaluation Using Test Course Methods,'' Volume
| -~ Research Reports,' Preliminary, Wyle Laboratories, March 1974,

7. Gawn, R.W. and Burrill, L.C., '"Effects of Cavitation on the Per=

formance of a Series of 16 inch Model Propellers,' Transactions,
The Institution of Naval Architects, 1957.

8. Strumpf, A., "Equations of Motion of a Submerged Body with Varying
Mass,' Davidson Laboratory Report 771, May 1960.

9. Smith, B. and Bowman, J., ‘'Performance Tests on 17' Outboard Boat
During Various Radius Turns at Different Speeds,' Wyle Laboratories,
Marine Technology Staff, Technical Brief 75~5, May 1975.

10. Hsu, C.C., 'On the Motions of High Speed Planing Craft,' Hydronautics,
Inc., Technical Report 603-1, May 1967.

21




4

-

-.-"

i TRl T et R R
. L .
T -

i

R-1851
TABLE 1
RANGE OF TEST PARAMETERS
Model Beam = 9 inches
! Parameter Range
Minimum Maximum
speed coefficient Cy 2, 6.
trim angle 8 2, 6.
load coefficient CA 0.076 1.22
roll angle ¢ -1.3BH 1.3BH »
drift angle Po -20° 20° ;
1.
turning rate ow! 0 0.23 :
i
!
i
i
j
i
A
i
22 ‘%
1
¢
i
ot e b it i L i Lokt A bt A ol ankhch i A 30 bl it e <teades o ma i e st i s i - .




R=1851

NOMENCLATURE

AR aspect ratio of rudder up to ventilation plate

»B B B

vi*Bzj Bk Bmj By

least squared error coefficients listed in Appendix C

ij

bl’bz’bB coefficients defining engine torque in Appendix D

B beam of hull at chine !
BAR blade area ratio §§
Cy speed coefficient = V/J/gB %
CA load coefficient = W/pgB®
CAa load coefficient of model and apparatus effecting centrifugal
force at force balance
CLR rudder 1ift coefficient
CDR rudder drag coefficient
CDoR rudder profile drag coefficient
DP propeller diameter
EHP effective horsepower
fj,gj fitting functions listed in Appendix B
g gravitational constant
HPER rated horsepower of engine
Jp propeller advance coefficient = VPA/nPDP
Ky propeller thrust coefficient = TP/pr D;
KQ propeller torque coefficient = QP/pn: Dg
LR,RR rudder 1ift force and drag force
ne engine speed in revolutions per second
Mer ¢ngine speed at rated power

23
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p propeller speed in revolutions per second

NFR’DFR rudder normal force and tangential force
i : p,q,r rotational velocity components in hull coordinates
F % QE engine torque
; | QER engine torque at rated power
. R radius to balance in circular ~surse tests
% Rx’Ry’Rz radii of gyration of vehicle .uout hull axes

SR rudder area
s TP,QP propeller thrust and torque :
; u,v,w rectilinear velocity components in hull coordinates ;
; ) steady planing soeed |
i VPA propeller inflow speed A
g VRA’VRN relative fluid velocity components parallel and normal to E
l rudder j
[ W weight of vehicles %
B X_,Z cooruinates of center of gravity of apparatus effecting %

a 3 centrifugal force at force balance in balance coordinates :

X Yg’ 26 coordinates of center of gravity in hull coordinates '

_ Xps YR 2R coordinates of point of application of rudder forces - L
4 hull coordinates

|
Xos1Yrg ZRs coordinates of balance center in hull coordinates :
z; draft at transom-keel intersection

X,Y,2,K,M,N force and moment components with subscripts denoting the

1 g T T, T

o e et mntn ]

following: .
] G: forces and moments due to gravity in hull coordinates
F H: forces and moments due to hull planing in hull coordinates
: : P: forces and moments due to propeller in hull coordinates
5 R: forces and moments due to rudder in hull coordinates

S: forces and moments due to hull planing in balance coordinates

o hull angle of attack, between x-axis of hull coordinates and
projection of hull velocity in centerline plane.
% rudder angle of attack defined in Appendix D

24
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' B sideslip angle, between hull velocity and hull centerline
plane
l So drift angle in horizontal plane between projection of hul!
1 velocity and projection of x-axis of hull coordinates
}
; BH deadrise angle shown in rFigure 1
YE gear ratio of engine speed to propeller speed
go measured displacement of free-to-heave apparatus
ﬂE transmission efficiency
3 pitch angle
OP tilt angle of outboard

gR’gS’CP’CR dimensions used in transformation from balance coordlnates !
to null coordinates used in Appendix B

gRP’cRP dimensions defining point of application of rudder forces
used in Appendix D

.G dimensions defining point of application of propeller thrust .
TATTA P
used in Appendix D !

| gTP’CTP dimensions defining location of outboard tilt pin used in ;

Appendix D
p fluid density
P roll angle |
¢P engine turn angle ??
We engine speed in radians per second .
Wer engine speed at rated power
Wp propeller speed in radians per second

Coordinate Systems (See Figure 1)

Balance Coordinates:

Xg horizontal, in centerline plane of hull at zero roll, positive 'i‘
_ forward -
f Yg horizontal, normal to centerline plane of hull at zero rell,

positive to starboard

oL

PRS- At
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zg vertical, normal to calm water surface, positive down

Hull Coordinates:

Xy parallel to baseline, in centerline plane of hull, positive
forward
yH normal to centerline plane, positive to starboard
z, normal to keel, in centerline plane of hull, positive down
origin at transom-keel intersection
Non=Dimensionalizing Factors:
Quantity: Dimensions Divide By: ]
Length L ' B
Force F 10g8°
Time T Ng/B
Moment or Torque FL =pgB*
Rectilinear speed L/T /g8
Rotational speed 1/T NB/g
Power FL/T $pgB3/gB 5
|
3
!
i
.o
i
o
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| APPENDIX A
TABULATION OF DATA
The measured forces and moments on three prismatic planing hulls

obtained in this study for symmetric and non-symmetric steady planing

conditions are tabulated here in dimensionless form. The force and mo=-

ment components are presented in balance coordinates which can be trans=
formed to hull coordinates using the transformations presented in
Appendix B, Each component is tabulated separately for each deadrise
and the data for symmetric planing conditions has also been separated
from that for the non-symmetric conditions., The drag values are based

on model Reynolds number and must be corrected for full=-scale Reynolds

number when applied to prototype.

Tables A~1 through A-3 give the measured longitudinal force compo-
nent in balance coordinates in dimensionless form for symmetric, steady
planing conditions while Tables A=4 through A-6 list the corresponding
vertical force and Tables A-7 through A=9 show the pitch moment. Also

shown for each case are the predicted results using the least squared

error regression curves described in Appendices B and C. At the bottom

of each table the mean error and standard deviation are listed for each

_ predicted column for all data points. |t is seen that the standard de-
' viation of the fit is at lcast two orders of magnitude lower than the

maximum value of the force or moment component in each table.

The measured forces and moments for non-symmetric steady planing
conditions are listed in Tables A<10 through A<27 for the three deadrise

G e A Al e s e o e

values, together with the corresponding predicted values using the em-
pirical fits described in Appendices B and C. As in the symmetric planing

conditions, it is seen that the standard deviation of the error for the

L9

all term fit is at least two orders of magnitude lower than the maximum

-

2 ' value of the corresponding data points, Again the mean error in the

& straight course data seems somewhat larger than that for the circular
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course data. Consequently, in any continued analysis of these data, [t
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would seem fruitful to analyze the circular course data separately and

b to look for a small consistent error in the straight course data.
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NOMENCLATURE

FOR TABLES A=-1 THROUGH A-27

deadrise angle of hull as shown in Figure 1

dimensionless speed coefficient = V/\/gB

where, V = resultant horizontal velocity magnitude
g = gravitational constant
8 = beam

roll angle of hull coordinate system as defined in Refer-
ence 8, where the x=-axis in this study is taken along the
keel line, the y-axis is to starboard and the z-axis down=
ward

yaw angle of hull coordinates as defined in Reference 8
pitch angle of hull coordinates as defined in Reference 8

dimensionless turning rate about vertical = w/B/g
where,

w = turning rate about vertical

dimensionless draft at transom-keel intersection, 2T=z_/B,
h T
where,

zT = draft at transom~keel intersection

tabulated in dimensionless form relative to balance co-
ordinates as defined in Appendix B, where the non-dimen-
sionalizing factor is pgB®
where,

p = fluid density

tabulated in dimensionless form relative to balance coor-
dinates as defined in Appendix B, where the non-dimensionaliz-
ing factor is % p gB*
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TABLE A=)

MEASURED, PREDICTED AND FITTED LONGITUDINAL FURCE
BETA=10.DEG

RUN cV THETA 7T MEASURED FITTED
2 4400 Qe 60 « Q4L “0«0a67 =0+0606
14 4.00 1« €0 » 062 “0s079% -0.1032
15 4400 3770 «039 =0+0401 =0.0488
16 4«00 4470 « 036 -0.0391 =0+0534
17 4400 5¢ 70 « Q3% =0.0426 =0+0552
18 4400 2 60 + 038 -0+0349 -0-0480
19 4000 Qe 60 « N6} -0.0617 ~0+.0790
21 46 OO0 1+ 60 « 048 0 NGAK ~0.0817
23 4400 1e 60 « Q49 -0.06)7 -0.0833
25 4400 270 + 10] 01244 ~0+.1354
26 40 QN Pe 70 +159 ~0.1989 ~0.2252
27 4,00 2«70 «170 02117 -0(9430*
29 2. 00 Ne &N + 083 -0.00227 00403,
l0 3«20 2. 60 « 057 =0.0P¢3 00490
31 500 24 60 + 040 “0.0562 . =009
c2 6+C0 24060 « 035 =0.01/78 ~0.084%
MFAN ERROR= 0.0171

STANDARD DEVIATIUN= 0+0063

A<l
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}h
3
y
;
: TABLE A=2
? MEASURED, PREDICTED AND FITTFD LUNGITUDINAL FORCE
BETA=15.DFG
5
g RUN CV  THETA 7T  MEASLRED FITTED
; 142 4400 2460 063 -0.0587 “0.0756 :
J 147 4400 3¢ (0 « 058 -0.0473 -0.05%82 co
] 148 4400 Je 60 e -0+05%09 ~-0.0618 L
149 4400 3. 60 « 076 ~0+0687 -0.0810 5
150 4400 .60 113 -D«1192 ~0e1292 K
151 4400 34 60 + 163 ~0:1795 -0+1979 |
152 4400 3.70 216 ~0+2389. =0.2719, !
154 3.00 3. 60 077 -0+0339 -0.0534 |
, 155 5.00 3. 60 « 051 ~0.0690 -0.080% a
' 156 6+00 3.+ 60 « 043 -0:0919 ~0.1077 g
163 4400 4+ 60 « 058 -0+0406 ~0.0%.5 i
164 4.00 Se 60 056 -0+0390 ~0+0508 '
173 4400 6o 60 +055 -0+0433 -0.0534
MEAN ERROR= 0+0157 -
STANDARD DEVIATION= 0+0060
3
A5 A4
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TABLE A-3

MEASURED, PREDPICTED AND FITTED LUNGITUDINAL FYURCE
BETA=20.DEG

CV  THETA 7T  MEASURED FITTED
4.00  3.60 4095 -0.0737 -0.0923
2.00 3.60 152 -0.0311 -0.0402
2.00  3.70 <151  =0.0280 -0+0403,
3.00 3460 <113 -0.0462 -0.0732
S.00  3:.60 +076 =0.0935 -0+ 1040
6:00  3+70  +067 -0.1235 -0. 1616
4:00 3460 +0TS  =0.0499, =0+ 0640
4:00 3460  +153  =0.1550 -0.1721
5.00  3.60 <183  -0.3089 -0.3433
400 3460  «200  -0.2146 02425
4.00 460  +076 =0.0504 -0.0640
4:00  DeC0 +105  =0.0999 -0+ 1272,
6:00  S4A0  +359  =0.0996 -0+ 1679
4490 5.60  +074  =0.0479 -0+ 0680, ;
4400  6:70 <068  =0.0448 -0.0705 g
MEAN ERROR= 0.0243
STANDARD DEVIATION= 0.0145
A6
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R=1851

3

: TABLE A-L

: MEASURED, PREDICTED AND FITTED VERTICAL FORCE

; BETA=10.DEG

'

: RUN Al THETA 2T  MEASURED FITTED

i o 4.00 2. 60 « 048 -0+1521 =0+ 1998,
14 400 1+ 60 U 62 -0.1571 -0.2933"
15 4.00 370 « 039 -C.1521 ~0.1775
16  4.00 470  +036 =0.1521 -0.2062 E

17 4.00 S. 70 .032 -0.1521 -0.2206,
18 4.00 24 60 «038 ~0.0761 -C+1290"
19 4.00 2. 60 061 -0e3042 -0.2989
”1 400 1+ 60 . 047 -0.1521 “0«1966
23 4400 1«60 « 549 -0.1521 -0.2039
25 4.00 2470 « 101 -0+ 6085 -0»5%957
26 4400 2. 70 «159 -0.9127 -1.0103
27 4.00 2.70 <170 ~0.9127 -1.0881
29 2.00 2. 60 «0&3 ~0.1521 -0.1828

T g g . e T e g TN 03 £
- L

: 3n 3.00 2. 60 057 -0D+1521 -0e.1772
; B! 5.00 2+ 60 « 040 ~0.1521 ~0.1649
32 6+ 00 2. 60 «035 -0.1521 -0.0208"

MEAN ERROR= 00424

STANDARD DEVIATIYN= 0+ 0655
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RUN
142

147

148
149
150
151
152
154
155
156
i 63
164
173

R=1851
TABLE A-§
MEASURED, PREDICTED AND FITTED VERTICAL FORCE
BETA=15.DEG
Ccv THETA 7T MEASURED FITTED .
4.00 2 60 + 063 -0.1521 -0.1698
4.00 3« 60 + 058 ~0.152 -0-1790*
4000 3« 60 «QE&1 ~0.0761 -0+.2024
4+ 00 3e (0D «Q76 =0+3042 -0.3231
4400 3. 60 «113 -0.6085 -0.6053
4000 3e 6O « 163 -0.9127 =0:+9544
400 370 + 216 ~1.2169 =1.2799
3.00 3« (0 «077 =0.1521 -0+1725
5. 00 3. €60 « D51 ~0.1521 ~0+2136
600 3¢ 60 «043 -0.1521 -0.1281 .
4«00 de 60 D58 =0¢1521 -0»2529*
4400 Se 60 +« 056 ~0«1521 -0-2887*
400 6+ 60 « 055 -0.1521 “0.2722
MEAN ERROR= 0.0544
STANDARD DEVIATION= 0.0501
A8
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RUN
319
320
321
322
323
32 4
325
333
335
336
338
339
347
347
350

MEASURED, PREDICTED AND FITTED VERTICAL FORCE

cv
400
200
2.00
3.00
5.00
600
400
4«00
300
4.Q0
400
4.00
6.00
400
400

R=1851

TABLE A-6

BETA=20.DEG

THETA 7T  MEASUPED FITTED ..
3.60  +095 ~0.1521 -0«3053 .,
3¢ 60 £ 152 ~0D.1521 =0+3040 .
3+70 ©151 -0.1521 -O-B996;
3e 60 113 ~0.152] -0+ 2K40
A €0 076  ~0+1521 -0+2273
3+ 70 $067  ~0D.1521 ~0+1538 .
3+ 60 «075  -0.0761 -0+1771 j
3+ 60 ¢ 153  =0+6085 -0+ 6759 :
3. 60 c 183 -142169 -1+1882
3+ 60 « 200 ~0+9127 -0+9954 !
40 €0 +076  -0.1521 ~0+2413 :
2 60 105  -0e1521 -0.3397 |
Se &0 <059 “N.1521 -0-2080
e €0 074  =0+1521 -0.2721 :
6 70 <068 -0.1521 -0+2218 !
MEAN ERPOR= 00937
STANDARD DEVIATION= 0.0562
'
A9




R-1851

:
k
" TABLE A-7
: MEASURED> PREDICTED AND FITTED PITCH MUMENT -3
¢ BETA=10.+DEG E
5
{
‘ RUN CV  THETA ZT  MEASURED FITTED )
- 2 4400 260 <048  =0.2439 -0.2394
’ 1 4 400 1+ 60 <062 -0.2254 -0.1629
b 15 400 3.70 +039 -0.2498 ~0.2620
i 16  4.00 4070 <036  -0.0P435 -0.2927 »
i 17 4400 5.70  +032  -~0+.2837 ~0.3153 ;
! IR 4400 260 <038  -0.1627 -0+2195 11
| 19 4eN0 2.60 061  =0.33R4 ~0.2465 B
21 4.00 1460 <048  -0.2046 ~0:2023 1;
| 23 4400  1.60 049  =0.1993 ~0.2001,, , 1
- 2S5 4.00  2.70  «101  ~0.2975 ~0+1673" e
26 4.00  2.70  +159 0.2296 0.2462 1
27 4400 2470 «170 0. 4122 0+3650 ‘ .
29 2.00 2.60 .083 -0.1180 -0.1272 1
: 30 3.00. 2.60 +057 =0.1630 -0.1884 A
31 5.00 2460 040  =0.2229 -0+2650 A
! 32 6.00 2.60 .035 -0.2685 -0.2528 N
E MEAN ERRUR= -0.0027 "
STANDARD DEVIATION= 0+0511 B
:
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142
147
148
149
150
151
152
154
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TABLE A-8

MEASURED, PREDICTED AND FITTED PITCH

cv
4400
4400
4400
400
4400
4+00
400
300
5¢00
600
4.00
4+ 00
4.00

BETA=15.DEG

THETA 77 MEASURED
260 «063 -0.2333
3. 60 + 058 -0.2427
3« €0 » 061 -0.260¢
3« €0 + Q76 -0.3703
3. 60 113 05111
3« €0 163 -0.2391
3. 70 216 0.2710.
3. €0 Q77 -0.2191
3« €0 051 =0.2955
3¢ €0 + 043 -0.3104
4 €0 + 058 ~0.2492
5 60 +Q56 -0.2556
61+ 60 + 055 =0.3114

MEAN FRROR=
STANDARD DEVIATION=

All

MOMENT

FITTED
~0+2144
-0.2394
-0.2532

-0.3103,

-0+3460°
-0.1712
0.2327
~0.2413
-0.2666
~0.2827
~0.2914
~0.33283
-0.3786

-0.0102
00622
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RiwW
319
320
321
322
373
324
325
333
335
336
338
339

347 -

348
350

N O S

MEASURED,

cv THETA

4.00 3. 60
2.00 3¢ 6D
2+.00 3.70
3‘00 3- {‘O
500 Je 0D
640D 370
4400 Je 6D
4.00 3.00
S.00 3. 6D
/J'OO ac 5‘0
400 4. 6D
4+ 00D 2.00
(00 5. &0
4400 Ye 60
ZJ'00 Fo 70

R~1851

TABLE A-g

PREDICTED AND FITTED PITCH

BETA=20. DEG

zZT MEASURED
+ 095 ~0+28046
152 ~0+«1396
151 ~041373
+113 ~0.2152
076 ~0.3135
+ 067 ~0+3470
«075 ~0+2036
«153 ~0s 4382
« 183 =0 H4D9,
¢ 200 0+ 1856
c076 -p.255
<108 -~p.2p0p
+D59 ~0+3525
074 ~0.2¢633
068 “D«2803

MEAN ERROpR=

SToaNEnAep IvInTlgus

"Al2

MUMENT

FITTED
~0.2976
=0 1 538
~0.1566
~0«2416
-0.319])
~0+3906
~0+2346, 1]
~0.2913" i}

'3
1t

Lariaa iy

~0.2281 %
~0+1087
-0.3055
“0.247]
-0+5026% ,
~043475 i
~0.3120 3

- T
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0«00 17
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o R=-1851
’d:"

TABLE A-10 o

MEASURED AND FITTED LUNGITUDINAL FORCE
BETA=10.DEG

i RUN Qv W PHI THETA

PSI 7T MEASURED FITTED
' 3 4.00 .000 Pel  2e60 0:0 043 =0+0468 =-0.0557
: 5 4.00 <000 de 6 2450 0.0 <035 -~0.0451 -0.0493
6 4.00  «000 7.2 2.60 0.0 <139 =-0.1943 =0.2092
7 4.00 +Q00 9¢7 2450 0¢0 «020 =-0.0503 =0+0440
8  4.00 +000 12.2 2.40 0«0 +011 =0.0503 =0.0444
1 4.00 +000 40T 2450 5¢0 028 -~040433 =-0.0411
9 4400 +000 0.0 2.60 =5¢0 046 -0+0478 -0.0590
10 4.00 000 0.0 2+6€0 5¢60 «046 -0+0465 =-0.0593
11 4.00 000 0.0 2.60 1060  +048 =0+0461 -0.0638 '
2 4+00 «000 Del 2460 15:0 047 =-0.0461 =0.0620, b
13 4.00 +000 0s1 2460 200 +046 =0+0435 =0.0726" ]
24 4400 +000 S«1 2.80 0.0 .039 -0-0364 =0.0533 :
.34 %5.00 .000 2¢4 2440 =5:0 <076 -=0+41521 -0.159% g
36 2,00 <000 7«4 5450 =5.0 287 =-01350 -0.1451,
37 3.00 .000 5:0 4450 20:0 <058 -0+0387 -0.0749
40 4400 00D 12+ 4 4.50 200 +007 =0¢0447 =0- 0861
41  3.00 «000 S0 4450 200 «031 =0:.0109 -0« 0668

42 2.00 <000 1040 4:50  20.0 «079 =0.0274 -0.0492%

: 43 2.00 +000 1040 4450  20.0 +056 -0.0176 =0 oas/
44 5.00 <000 Ted  4¢50 2040 <019 =0.0408 =0+0901"

45 2400 000 1264 4450 20.0 "«124 =0.0633 =-0.0%98

! 46  3.00 +000 10s0 3¢50 200 +110 =0+1100 =0+0997
47 4.00 00D 10:0 2450 200 042 =-0+0652 =0.0784

48 4.00  +000 Del 6450 2040 111 =0.1873 =-0+1810

= SRR YW RN VAT I PR e

49  6.00 .000 9.9 2.40 20.0 034 -0-1282 =-0.1254
50  4+.00 +000 4¢9  5.60 2040 +243 -0+2839 =0.3011, :
S1 3.00 .000 0«0 5.50 200 +059 =0.0413 =-0.0756" ;
52 4.00 +000 7¢5 2450 200 056 -0.0834 =0.0892 :
53 4.00 .+000 2¢4 3450  20.0 112 =-0+1437 =-0.1501, !
54 3.00 +000 P+5 5.50  20.0 <033 -0.0133 =-0.0708"
55 5.00 +000 0«1 6450 100 +045 -0+1107 =-0-1118 !
56 2.00 000 100 4460 100 +030 =-0+0087 -0.0436" !
57  4.00 +000 5.0 2.50 10.0 +036 -0+0369 =-0.0533, i
56 3.00 «000 12.5 6.50 10.0 =.005 -0.0112 =0.0429" 1
59  4.00 .000 2¢5 3.60 5.0 +040 =-00377 =-0.0517 y o
60  4.00 «000 2¢5 3.60 5:0 +029 -0.0276 =0.0401 P
61 4.00 000 5.1 350 5S¢0 +043 =-0:0496 =0.0591 E
62 3.00 +000 00 2.50 500 +054 -0+0314 =0.0487 g
63  5.00 .000 2.5 2.50 5:0  +035 -0.0534 -0.0631,
64 3.00 .000 9.9 2.60 500 «013 =-0+0148 =0.0341%
65  4.00 000 5«0 2.60 S5+0 «N39 =0.0383 =-0:0545%
66 5.00 000 5.0 6+ 60 5¢0 <022 -0+053% =-0.0616 ;
67 3.00 +000 9.9 6. 60 S« 0 «0PO  =0.0287 -0.0417 _;
68 £.00 +000 1244 5.70 5¢0 =-.006 ~0+0517 =-0.0551 k
69 3400 <000 =51 6460 5¢0 240 -0.2094 =-0.2063 3
70 6400 000  =5.1 S.70 5¢0 016 -0.0547 =-0.0577 j
71 6.00 000 Te4 560 5¢0 012 -0.0609 =~0:0619 ;
- 72 400 000 124 5460 5¢0  +102 =-0.1933 =-0.1927, ;
o 73 2.00 +000 0«0 5.60 5¢0 «060 =0.0111 =-0.0513 ;
% T4 4400 4000 2¢4  3.60 5¢0 +041 -=0.0389 =-0.0527 }
: A3 %
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RUN
76
77
78

19

820
%31
a2
83
g4
85
817
g8
89
90
91
92
93
94
95
97
98
99
100
101
102
103
105
106
107
1NK
1N9
110
111

— Pl e it odd o b
.t e o e - e
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119
120
121
126
127
128
129
130
131
132

R=1851

IABLE A=10 (cont'd)

MEASURED AND FITTED LONGITUDINAL FQRCE

BETA=10. DEG
cv W PHI THETA PSI ZT MEASURED FITTED
500 000 2«4 5.60 CeO 026 =-0¢0493 =0+0599
2.00 «000 409 5470 0.0 329 =~0.1625 =0+1474
6.00 <000 75 H70 G+0 +01S5S =0+0683 =0.068%0
3.00 «0Q00 12¢ 4 5660 0.0 «112 -0+1045 -0.1133
3:00 <000 124  5.60 0:0 247 =02218 =0.2174
4.00 000 12v4 44 60 0+0 117 =-01813 =-0+1934
400 « 000 4 9 6+ €0 0.0 «+ 099 =-0.1751 -0.1590
3.00 000 =5.1 6« 60 00 <049 -0+0489 -0—0544*
3.00 <000 2.4 2460 0.0 044 =0.0211 =-0.0422
4400  «COQOO0O Te4 260 =5¢0 <026 -0.+0417 =-0.0457
2.00 +000 4e9 2660 =5¢0 +135 =-0.0525 -0.0625
400 <000 4¢9 2. 60 =53¢0 061 ~0.0729 =-0.0843
200 +000 T7¢ 4 5.70 =5.0 +285 -0-1344 =-0.1463
€.00 «Q00 Te5 6070 ~5.0 D14 =0.0789 -0-0649*
2.00 000 0«0 4460 =50 +119 =0.0305 =0.0581
5.00 « 000 0.0 3.¢0 =5.0 «Q037 =-0.0569 <~0.0641
6.00 +«000 9.9 3450 =50 +110 =-0.3830 =0.378]1
600 <000 9.9 44 60 -5.0 «078 =0+2927 -0.2839
6.00 +000 10«0  5.60 ~5¢0 +002 -0+0703 =0.0490
4.00 «C00 9.9 5. 60 =5.0 «037 =0.0563 -0.0751
500 <000 99 5.50 =5e0 097 =-02577 -0.2456
3.00 4000 0.1 6o 60 =50 142 =0.1275 =-0.1408
400 000 4¢9 6+ 60 =5:0 034 -0+0621 =-0.0564
400 000 2¢4 3450 5.0 « 039 =0.0396 -0.0505
6.00 000 9.9 2.50 0¢0 <105 =0e3777 =03763
3.00 «000 =5.1 2.50 1060 122 =~=0.0942 -~0.1054
5.00 000 100 3¢50 100  +0Q13 =0e0595 =0.0523
s Lo I VA TO! 50 3.50 1060 025 =11aN860 =D0644
Je0ON AR Te Ge H1) 100 « 151 ~Nel (43 -Ne1 7 7’.‘_
A0 « 00N 1.8 Ce (O 1060 cluigrlr =0«0256 -0-0503*
2,00 « 00N =51 Ge (O 10.0 « 057 =0.0141 “QeN347
3.00 00 Ped (50 100 « 077 =0.0740 -0.085%
300 <000 =51 5¢ 60 1G+ 0 «135 -0+1039 -O-IIQA*
300 « 000 Pe5 5460 10«0 <006 =-0.0211 -0-0565*
e 00 « OO0 2e4 3060 5.0 «03% -=0.0306 -0-0496*
4400 000 0«0 3.50 150 042 =0.0297 =0.0612
.00 « 000 125 3.60 15.0 «0M -0+0352 -0.0517
300 000 Te st 2460 150 «139 =0.1301 01233,
4.00 000 Te4 2450 150 «030 =-0+0348 =-0.055%0
3«00 + 000 S0 2.%0 15.0 Q6T =-Qe0427 -0-0609*
300 <000 244 2.50 15¢0 <057 -0.0269 =0+0549
6,00 000 2.4 2.50 1560 069 =0+1990 -0.2007
3.00 .000 0«0 2.60 150 172 =0+1502 =0+156Y
6.00 000 4¢9 2450 2040 4065 -0¢1804 =0.1948
4.00 <000 S¢Q0 2460 20«0 +137 -0+2151 -0.1938
600 000 12.5 5.50 2040 4022 =-0+1997 =0.1939
2.00 000 125 6+ 60 0«0 +«057 =0+0214 =-0.0198
S.00 « 000 6o & Hkibk Te S kduksy ~0«0497 -0.0436
600 000 =5.Q0 6.70 0«0 <022 =0+0732 =0.0791
3.00 «000 949 3«60 0+¢0 148 =041208 =0+1244
AlL
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RUN
- 133
! 134
! 135
' 138
139

DWW~ VOXRCOANWND —

— e
0 oN U

20
21

22
23
24
25
26
27
28
30
31

32

35
36
37
38
39
40
4]

42
43
46
47
48
56
57
SH
59
¢0

cv
400
3.00
4e 00)
100
4«00
197
1.98
315
401
5.30
6.00
301
312
3.02
2.95
298
2+96
2+95
2.99
272
2.068
314
201
.98
297
2¢ 46
346
2.96
293
de 49
503
315
307
S«82
577
4¢ 91
287
596
3.+00
6e 02
2495
Se21
309
3.14
3.09
5.23
5¢19
Se12
3405
417

« 000
« Q0N
« 000
« 000
<000
« 049
050
+ 079
« 100
« 133
« 150
«075
«Q78
« 076
<074
+075
s Q074
074
«Q75
« 0 68
«0 &7
<079
« 050
+ 074
074
Q62
+ 087
Q074
« 073
+ 112
126
«079
sQ77
v 146
144
« 123
«Q72
« 149
«Q75
+ 150
«074
+ 130
07
«079
077
+ 131
+ 130
« 12K
076
« 104

MEASURED AND FITTED LONGITUDINAL FURCE

PHI
Ted

]
OCOOND YL UNODODDO D
* e o

[ |
— s ]

] ]
~NO D
¢ ® & o + 6 o o o o e =

NNV OMNMOIDIDDDOO0OD0O D

]
QuUuod2udcoo0o000°

=10.0
=12+5
0.0
"705
"205
=5.0
=-5.0
-2+5
0.0
=5.0
=5.0
=18.5
0.0
=125

THETA
3« 60
3+ 70
3«60
5« 60
3¢ 60
300
3.00
3+00
3.00
300
3.00
300
3:00
3«00
300
300
3.00
200
400
5«00
5:00
600
6400
300
3.00
3«00
300
3.00
300
300
3«00
3.00
3.00
3+00
600

- 2.00

400
S« 00
.00
S« 00
2+.00
200
2+00
3.00
3.00
300
2+00
5.00
300
6+ 00

R-1851

FABLE A-10 (cont'd)

BETA=10-DEG

’

Quvuvuwn

N

i=jejoRoNoloNoNolNeNoNoNoRoRo R

lojolsNolNsNeoNoNoNeoNo N

D00 002000
* & o o o e e e o+
lohs e NoNoNoNoNoNoNoNeXo)

=)

LU OOoOO0O0CODO0O

7T
« 145
D0y
0 40
221
Q04
+ 057
+ )58
029
+ 022
+ 033
+ 032
s 042
« 038
«037
+033
+032
«026
e 064
047
041
.o 041
+ Q33
<089
«025
«072
151
«103
127
= 18]
«193
«115
«0N55
+ 054
« 049
« 008
« 040
<157
+ 045
+ 135
« 025
+ 057

MEASURED

-~0.1923
-~0«1RT72
-0.0339
‘002709
-0-0500
-Q0.0352
-0.0341
=0«0466
~0«07t9
~0+0816
~0¢1475
~ue0487
=0.050]
=0.050%
-0+0408
~0.0526
~0+0531
=0+0703
~0+0444
=0+0469
~0«0472
=0.0582
~0.0552
-0.+035¢9
~0.0722
~0«1103
~0«1418
01197
01726
=0+195]
~0+2&93
01050
~0+0995
~0+3385
~0+3244
=0.2172
=0+1950
=0+ 4551
=0e 1438
=0«5512
“061472
-0+4213
=0.2154
~0+1025
02166
-0+ 6685
=0+ 5691
~0s 6474
02627
~0«4713

it dihd asi i L Linrand o

FITTED
~0¢2048
~0+1992
“U«0515
~0+.2631
-0.0590
=0+0340
=~0+.0340
~0+0335
~0.0317
=0.0817
“0+1119
=0.0402
-0.0324
=0+0409
~0«0404
=0.0427
-00.041 1
~0.0599
=0+0430
~0.04¢3
=0+0463
~0.046¢0
=0 048 4
=0.0327
=0.0525
~0.0921
-0.1026
-0.09&2
‘0-1516*
-0+3340
=0.2562
~0+104%
~0«1028
-0.3480
-0.328]
-0.2331

kS

~0.1855 . '

-0+ 4782
-0.2154
-0:5541,
-0e1 622"
-0+3948
-0+2117
~0:0967
-0.2078
-0+ 6343
~0+5584
-0+6037"
-0.2625
-044707
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RPUN
6o
65
66
67
69
70
1
72
7 4
75
76
77
78
79
80
82
&3

91 R

419

420

421

422

423

42 4

425

42 6

427

42K

429

4930

431

432

433

43 4

435

436

a3g

440

441

443

444

445

446

445

449

451

450

455

454

457

D S W

cv
S+ IR
4 10
6«15
2«11
4.05
3.01
3.00
RN
5.05
6+03
5.059
5+05
die O?
214
5¢33
o837
3.07
1485
296
3«95
5.02
609
3«86
391
396
4e 03
4.0
399
4002
3.99
440
de Q0
Ae )1
3+99
de A0
402
3.97
401
A: Q0
Jeog
398
398
3.9g
402
4.03
1.8
4.0)
491
4+90
£2.90

B2 s st

MEASURED AND FITTED LONGITUDINAL FORCE

R~1851

TAGLE A-10 (cont'd)

BETAZ10.DEG

W PHI THETA PSI ZT WMEASURED  FITTED
<129 3¢0 3400 -2040 022 -Q.6g27 ~0.6725
PI02 =245 6400 ~2040 4033 -0.454) =0+ 4583,
154 =100 5.00 -20.0 .Qu4 10546 -0.964]
*053  =7.5 2000 -20.0 046 -0.1367 =0+1495
<101 "5¢0  5:00 =20.G 4047 -044818 -(% 4737
*075  -7.5 2.00 -20.0 .076 -0.3200 -0+2959
075 0«0  3.00 5+0 038  0.0126 0.0152
»152  -5.0  3.00 S¢0  +0S7 -~0+.0546 =0.p292
126 -10.0 3.00 5¢0  «108 =~0e¢1740 ~0.167¢,
+ 151 “2+5  5.00 5S¢0 2047 Q40193  Q.0149
*126  -2.5 2.00 S+Q  «038  0.03!'3  0.0377
*126  -10.0  5.00 S¢G  +031 00077 0.0112
<101 =7.5 S.00 5S¢0 008 00469 0.05]} ,
*051  -10.0 3.00 °+0 016 ~0.0095 =-0.0085 !
<133 -2.5 3.0n 0.0 +061 ~0+1948 -0.1633
+097  -2.5 2,00 0.0 4099 ~0.1909 =~0.]527 !
*075 =2.5 3.00  -5.0 .038 ~0.09¢7 ~0.0923 !
<069 00 3.00 0.0 060 ~0.0292 -0.0302 }
e 111 0.0 3.00 0.0 044 ~0.0479 -0.0352 :
. 1 4 0e0  3.00 040 4033 =~0+0649 =0.0464 ;
. 188 0«0 3.00 0¢0 4025 =~D.0B64 =-0.0753 11
228 C«0 3.00 0:0 022 ~0.0905 =04+1349 ¥
145 0.0 3.00 0.0 +028 -0.0552 =-0.039) } ;
c 146 0«0 3.00 0«0 <045 -0.079S -0.0593 i
c1eg 0.0 3.00 040 <067 «0+1101 =~0.0H92 I
S 15 0.0 3.00 0e0 w117 ~0.1951 ~0.) 688 Mo
£ 150 0«0 3.00 0+0 «158 -«0.02431 -0.p290 i
150 5.0 3.00 0.0  +027 ~0.0572 ~0.0343 {
e 1 5] -2.5 3.00 0«0 .03) 00659 -0.0534 } i
190 1540 3400 40 4027 -0.0653 -p.0Ses o
«150 -7.5 3.00 V0eQ 017 =-0.0604 =0.0558 i
*150  -10.0 3.00 Ce0 4011 -0.0634 =0.0615 ]
»150 -12.5 3.00 0«0 006 =0.0656 =-0.0712 i
*150  -12.5  3.00 5:0 «N07  0.0607 0.0630 |
"150 -12.5 3.00  -5.0 -.002 -g.]926 ~0-1972 :
*151  =12.5 3.00 ~-10.0 =004 -0.3331 -D.334% :
<149 0.0 3.00 5¢0 032 0.071& 0.0885 ;
« 150 0.0 300 -5.0 .035 -0.2025 ~0+1891 o
<150 0.0 3.00 -10.0 .036 -0.3408 ~0+3287 '
149 020 3.00 -15.0 «040 =-0.4717 =0+ 4670
+ 149 0:0 3.00 -20.0 .035 -Q.5g86 =0+ 5989
«149 0.0 2.00 0.0  «036 =-0.0757 -0.0630
«149 0«0 4.00 0+0 032 -0.0642 -0.p4g9
15 0.0 5.00 0.0 025 “0«0576 -~0.048g -
<151 0.0  6.00 0.0 .024 -0.0606 -0.0495, y
*068  =10.0 4,00 Te0 2132 ~0.0369 -0.00s0" i
“150 =2.5 3.00  -5.0 .gu3 “0+2161 -=0.2008 3
P 184 93¢0 4200 =20.0 131 -l.08x7 ~1.0982 i
B TS 400 5.0 099 <0.0572 -0.0630 '
*109  =2.5 3.00  -5.0 .043 “0.5183 -0.1128 o
A6 »
y N - o g ———— b >”mmﬂ“
i il svalsiia St
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i R-1851 3
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\‘* FABLE A-10 (cont'd) 3
g
: MEASURED AND FITTED LONGITUDINAL FURCE
: BETA=10¢DEG
o RUN  CV W PHI THETA S 2T MEASURED  FITTED

; 458 4.00  «150 =7.5 6.00 «0 <010 -0.0553 -0.0418,

=5:0 <025 =0.3905 -0.4547

‘ 459 5«96 4224 0.0 2.00
: 460  5.01 c1BE =10+0 300
463 4402 4151 =125 3.00
465 S.97 2024 0.0 2.00
466 5«97 2224 ~1245  $5.00
467 440N 15D =7+5 600
469 5405 « 1KY 5.0  4.00
470 3.01 +113 -2+¢5 3.00
471 2099 112 =2.3 3.00
473 4096 186 =5:0 6.00

045 =-0+1646 -C+189]
<110 -0.0972 =0.0879
+090 -0.0718 =0+0660
011 -1.3841 -1.3932
+011  =-0.0387 =-0+0432
+0B3 -0.€6263 =-0.6342
«131 -0.1132 -0+1086
+047 -041218 =0+119%
+024 =-0.9145 =0.9326

L ] *

!
o
o
Ll
DODO0OO0OOCDOO0OO0ODIDOODOO0ODDODDODO

]
o

[$; ks ReRe Re N ¢ R IT, R Ryt
L ]

]
—

475 4497 186  =2.5 200 =20 C086 =-1.1013 =1.0858 }
476 4497 186 5«0 3+00 0. «031 =-0.0872 =0.0751 !
483 1498 074 =10+0 6400 -5 «168 -0.1311 =0+1315 1
484 R.91 109 =2.5 2.00 0. «08Y9 -0.0965 =-0+.0816
485 3.01 «113 0e0 €400 =20 e133  =0.4568 -044368
487 3493 145 =10.0 2.00 -5 v097 =0.36R22 =0.3420
488 3400 113 =2¢5 3.00 -5 043 -0.1233 -0.1185
489 4413 +155  =5.0 2.00 5. «112 -0.1210 =0.0704
490 6403  «22F =5.0 2.00 5. CORT =0.0T5]  =0an973 !
A1 410 W 1NA =70 S RN =5, VOTH 00983 =0 2R ;
492 Aa0d W 1HD 0.0  3.00 0o S0P =0.0507 -0.0429, )
| 494 318 w119 =245 4:00 =5¢0 140 -0.3454 -0.2163" ]
‘ 406 40T .00 Be0 5400 =150 074 -1.2008 =-1.0348 }
499 6405 4227 =100 5.00 =15¢0 +001 =1.0668 =-1.0590 :
SO0 4.07 4153 =540 £e00  =5.0 «015 -0.1965 =0.1875 *
S02  3eN9 116 =195 4400 0«0 +105 =0.1339 =0¢1119 2
SC3 310 s11€¢ =245 400 -=15.0 +053 =0.3043 =0+3031 !
25 Re03 11 -2+.5  5.00 5S¢0 161 =0.0682 =0.0560 5
506 Q.02 113 =0, 3:00  =5.0 .04l -0.1216 =-0+1184, !
S07 3¢01 2113 =5.0 2.00 S5¢0 092 ~0.0448 =0+019] :
SOB  Pe99 o112 =50 5.00 =10+0 <104 =-0.2709 =0.2543 i
512 2401 075 -=7¢5 6400 =100 +220 =-0.2012 -0.2123 ;
513 Se15 193 =100 5400 =100 +042 =0.6486 =0« 6448 i
S14 5410 191 =12.5 2.00 =10+0 =.0l16 =-0.5050 ~0.5260, ;
795 3+00 225 0«0 3.00 0+0 +055 -0.0168 =0.027¢" ;
796 2499 004 5.0 3.00 0+¢0 +047 -0.0140 =-0.0084,
T97 301 +206 =245 3.00 0+0 <056 =0.0201 <=0 oaef
798 3400 225  ~5.0 3.00 0e0 +051 =0.0187 =0 0404
799 3.01 +226 =745 3.00 0:0 +046 =0.0203 =0 0452 ;
BO0 3¢00 +225 =10.0 3.00 0«0 039 =0.0235 =0 0A7/ :
€01 200 225 =12+5 3.00 Ce0 +033 =0.0269 =0.0506" 5
£02 2.99 224 0.0 3.00 5¢0 +054 0.1337 0+1295 i
803 P99 2024 0«0 3.00 =50 068 =-0.1849 =-0.192¢ ;
: f04 2.98% .223 0+0 3400 =10+0 +072 -0.3355 =~0.3487 5
o BOS 2.99 204 0:0 3400 =150 +075 =0.4964 =-0+5086 i
F ROG  3.00 +2925 0eQ 3+00 =20+¢0 069 =0.6411 =0.6580 |
Y %07 3+00 +295 0.0 2.00 0.0 067 -0.0388 =-0.0504_ -
L 08 2+97 .293 N0 4400 0e0  +058 =0+01&1 =0 0?89r %
51 09 Q.00 225 0+0  5.00 00 +053 =-0.0206 =-0.0327 i
. i
ij A7 1
- | 3

B
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 r
5oy

RUN
®10
#1111
#1e
€13
815
“16
g17
18
819
®20
821
%22
7223
124
825
R26
e217
fey
R29
830
®31
®32
133
€34
35
®36
&39
840
B al
g a2
ga5
£a6
®at
g a8
49
& 50
051
®52
52
855
856
©o7
g5R
®59
261
862
263

e99

R=1851

rABLE A=10 (cont'd)

MEASURED AND FITTED LONGITUDINAL FORCE

—
w
—

~
A~
~
N

RO R N RS B s N0 W IR

¢

¢ o o e &
vl

*« o O o

—_— =N~
NNV N0

(Ne]

« 150
K6
.]7?.(\
« 224
o149
+ 150
o187
224
) &
e 221
202
ol Y
« 155
+153
203
204
223
226
« 190
276
« 191
« 191
« 1364
«120
154
« 22t
190
« 225
224
+ 190
« 190
« 223
225

PHI
0.0
0«0
0.0
0.0
0«0
=25
Q.0
5.0
-2sh
D« 0
=12.5
‘205
“12+5

1
— [ 3 |
[SNY)
e ¢ & o o o o o

1
NV N3O U U

MO UNDUROUNODTEUEDDD VT

-1

]
(o Re]
s o
> D

~2.5
0.0
5.0
=350
=5.0
=125
"QOS
=5.0n
=5.0
=12.5
=12.5
-5.0

THETA
6. 00
3.00
300
3.00
3.00
3+00
6-00
6«00
6«00
4+00
300
3.00
3. 00
3.00
3.00
6+ 00
5«00
3.00
6400
3.00
5«00
300
600
5«00
600
3.00
4+ 00
3.00
500
600
6«00
3.00
S« 00
5.00
500
4400
S.0N0
600
$.00
2+ 00
4400
300
e 00
600
400
5«00
400

BETA=10+DEC

PSI
0.0 056 -
0.0 + 051 =
0.0 0B2 -
0.0 « 130 =
0.0 104 -
0.0 « 069 =
-20.0 +0%6 -
-5.0 175 -~
5¢0 211 -
=100 +205 -
-10.0 017 -

-5.0 « 065 -
-1()00 « 093 =
5.0 o111
=150 112 -
100 <190 -

5.0 281 -
-5.0 K] -
=100 287 -
-10.0 076 -
=200 '+248 =
-5.0 065 =

5.0 263 -0.1925 =0.2106 .
0+0 +063 =0.0319 -0+0308 1
0.0 +034 =-0.0144 =0.0002 i

-20.0 +019 =-0:2856 =0+2890 g
00 +192 =0+0841 =140648 '
5.0 <088 0+0411 00529

-20.0 «219 =-0.8062 =0s+7950

=~15.0 « 031 -
-10.0 174 -
-5.0 053 -
0.0 « 242 -
D¢ 204 -

-15.0 .180 -
5¢0 038
=20+0 o212 -
-15.0 +288 -
S50 074
=100 « 182 -
=50 049 -

0'0 0157 -
=50 e 169 =
-5.0 209 -

=200 057 -
-5.0 .026 -~

MEAN ERROR=

STANDARD DEVIATIUN=

A8

2T WMEASURED

0.0Q438

01859 -0+1995

0« 4930 -0e4a822
0« 4549 -0+4390
Q0«1883 -0+1931
De1729 =0+1658
01843 =0.2041
=5¢0 +046 =0+1328

FITTED
0.0301 -0.0357
00138 =0+0255
0.0395 =-0+.0469
0.0853 =0.0929
0.0306 =-0-.0220
00216 =0.0247
O+« GE2T =0+ 6565
02889 =-0.2954
00104 =-0.0137
02204 -0+2392
0.3291 -0¢3574
O0«.1865 -0.+.2022
0.1800 =0+1700
00474
02461 -0.2511
0.3599 =-03715
0«Q975 =0+0788
01954 =0+2053
0.2719 -0+2666 :
01598 =0+1622 t
0e5649 =-=0s 6048 '

M]

Yo

~“0+1320 :
Q¢ 4584 ~044554% )
00642 0+0512 E

0«5566 =0+50628

0+4201 =0.4031

00823

0.0817

0+3671 ~0.37HY

0«1836 =~0+1896
0+1170 =0+1325
0+2238 =-0.2280
0274¢ =0.2898
0. 6950 -0-6693*
0. 81 41 ~0.1808

-0.0111
0.0925

JUTOEY PG IRTUT o ST

B U P Y

2
3
|




+04¢  ~0.0391 -0.0692° T
+035 -0.0609 =-0.0873 B
+026 -0.0689 =-0.0924 o
-.016 -0.0644 =-0.0835 -
+101  =0.0167 =-0.0493"
+257 =0.0813 =-0.1057 T

196 .00 000 =5:2 5460
197 600 000 9«7 560
198  6.00 +000 198 5460
199 2.00 000 =03  5.60
200 2.00 000 -5.3 5460

M)
201  4.00 000 19¢&  Se 60 . *139 =-0.2280 -0+2308 L
PO2 S5.00 4000 147  6.60 +0  +010 =0.0469 =0+0604 .
204 5.00 000 4B (e 60 . 037 -0.0568 =-0+0594 :
P0S 3400 000  =5.3 6. 60 . «279 -0.2072 -0.2072 '
PO6  4.00 <000 407 360 . 055  -0.0435 -0.0584, v

207 4,00 000 0«3 3+60
208  6.00 +000 14¢7 360

+063 -0+0422 =-0.0655"
155 =0.4927 -0.4956

UL aEeeo o020 DD
L d

210 5.00 00N =0«3 2.50

1l - b
! ‘
Ld* ‘ R=-1851 i
}- FABLE A=11 : X
Ef MEASURED AND FLTTED LUNGITUDINAL FORCE
BETA=15.DEG
|
; RUN cv o) PHI THETA PSI 7T WMEASURED FITTED
' 14l  4+00  +000 5.0 360 5:0 +050 -0+0443 =-0.0525,
' 143 3.00 +000 4077 2460 0+0 +053 -0.0232 =-0.0461"
Laa 6400 000 148  3.00 0«0 149 =0e5141 =0.5047
145 4400 000 4¢% 360 0+0 +050 -0.045% =-0.0525
146 4400 «Q00 =5:2  3.060 0.0 +050 =0.0460 =-0.0531,
153 2+.00 000 =2+l 3.00 0«0 114 =0.0230 ~0.0551
157  4.00 000 98 360 0«0 035 =0+0413 =~0.0747
158  4.00  +000 14v7  3.60 0«0 .014 =0.0378 =-0.0377
159  3.00 000 1407  3e60 0+0 169 =0e¢1457 =0.1437 o
16O 4400 <000 198 3.60 0+0 =-.005 -~0.0427 =-0.0415 E
S61 4400 <000 19 44 60 0«0  +155 =0.2309 =0.2428 :
162 4400 +000 19¢7 4460 0e0 162 =(0e9205 =(1.050) p
165 2.00  w0n0n Al Se (D NeN w371 —0elhPR6 =1l LY
VOGO Cenny Q00 Dl Ye (O Do) (109 =Ne)THE =009 56
167 a0 00N 1947 Se 6N N NS S0 131¢ =-Na1503
L6 3enn a0 1947  Seé0 c0 C2B0 =0.2487 ~N.241Y
169 P00 w000 Y947 6e (0 0 06T =0.0226 =0.0271 4
170 S5.00 QN0 947 6o 6O «0 203D =0.0552 =0.0619 )
171 4.00 000 9e7 (e 60 e 147 =0.2050 -0.1872 i
172 3.00  +000 =5:3 6. 60 «0 082 -=N.0516 =-0.0585 }
Y74 6400 000 =5.2 (e 60 «0 4039 -0.08627 =-0.1016, 1
i 175 4.00 w000 48T R4 60 «0 +061 =0.0406 =-0.0665 iy
’ 185  4.00 <000 AT 3 60 «0  «046 =-0.0285 =0, OZJHO, ; ?
196 4400  «00D =0«3  3+060 +Q  +065 =0.0390 =-0. 0686 oy
187 3.00 000 =5¢3 3460 0 119 =0e0547 =0 0879 ;
19  5.00 000N -N+3  2.50 ‘0 063 =0.0693 -0.1236" :
191 4.00 +000 9.8  3.60 +0 173 =0e2115 =-0.2285 !
192 4.00 +000 97 3.60 +0  +177 -0.2109 =0.2327 I
193 3.00 +000 14:7 34770 +0 +250 ~0.2057 -0.2188 ¥
194 3.00 000 14¢7 3460 <0 017 =0.0126 =-0.0243" '
195 3.00 .000 14¢7 1460 0
0
n
0
0
0
0
0
0
0
0
0
0
0 B
0 103 -0.1821 =0.2077 y
211  4.00 000 447 2460 =5:0 2094 -0.0929 -0.1247 ;
212 2.00 000 467 2e60 =5.0 +162 =0.0502 -0 0901  d
213 4.00 000 9+ 2660 =5.0 «043 «0e0414 =0 0684 Ty

214 2.00 000 0«3 4. 60 =5¢0 170 =-0.038% =0» 0734
215 6.00 +000 148 4. 60 =5¢0 126 =-0+3905 -0.3911

1
R
M9 o

. |
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B e —

]
&
v
-
t

R

W

RN
216
218
219
220
221

202
°P3
224
225
226
227
228
231

232
233
234
235
238
239
240
241

Qa2
243
244
245
246
2a7
2473
249
250
251

252
253
254
255
256
257
258
260
261

262
263
264
265
266
267
269
270
atll

275

Cv
5+00
300
4. 00
G N0
6400
A¢QO0
3.00
400
2.00
300
500
3.00
3«00
500
200
4+ 00
5«00
300
4«00
5.00
3.00
4400
4400
3.00
3.00
5.00
.00
5.00
600
5.00
2.00
6.00
3.00
4600
GO0
3«00
5.00
300
4.00
400
3.00
6.00
4.00
6+ 00
4.00
3.00
3.00
100
600
4000

L\I
<000
« Q00
. 000
« 000
« 000
« 000
2000
« 000
+ 000
« 000
+ 000
«000
+ 000
+ 000
<000
+ 000
. 000
« 000
<000
« 000
« 000
« 00N
« 000
« 000
« 000
« 000
+ 000
« 000
« 000
« Q00
« 000
« 000
<000
« 000
« 000
« 000
+ 000
000
<000
+000
« 000
« 000
« 000
+ 000
« 000
+ 000
+ 000
+ 300
+ 000
<000

R-1851

TABLE A-11 (cont'd)

MEASURED AND F{TTED LONGITUDINAL FORCE
BETA=15.DEG

PHI
1447
9.7
De f
1448
148
Qe
197
1947
-5.3
447
-Q.3
148
198
147
1407
o83
4e 8
9.7
9.8
e b
die @
0.3
9.7
19.7
-/].9
-5.9
-0+3
14«
1 4.7

P — !
wasaO
e o e » o o

'—'-l
RIRARNWWRW AR TWW L AW

!
AV UVUBOUYOOANYAEWULWMO

—
e o o

® ©e e & ¢ 2 e e o

IS
-

Ao
9K

THETA
5 50
Se 60
S« 60
Se 60
6o 60
6+ 60
Ge 60
6« &0
6« 60
6e 60
6« 50
6¢ &0
4e 60
4 50
%e 60
3. 60
3« 50
ds 60
3« 60
350
Je €0
3. 60
2 GO
5. 60
5¢50
5¢50
5¢ 60
56 50
5. ¢0
5¢ 50
b6+ €0
6+ 6O
6« 60
6 6O
4 60
4 60
4e¢ 50
40 60
4e 60
4‘0 60
e 60
4e 60
3 60
3+ 60
260
2+ 60
2+ 60
2+ 50
2¢50
2457,

PSI
-S.0
=5.0
=50
=5+0
=5.0
=5.0
100
100
10.0
10.0
100
10.0
100
10.0
10.0

S0
100
10.0
10.0
100
100
10.0
100
10.0
10-0

—
e & & 4 & &6 3 &6 & 4 6 © * B B O 8 2 G a8 0®

vousnouruunure ans e reea

1
1
1
1
1
1
1
!
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

A20

OO0 O0OCO0CO0COODODODODODOVODODDOOO

ZT
« 150
e 242
+ 045
+007
+005
(a4
~.009

104
117
.070
191

0179
+035

«Q37

+ 054
+118
« 240
.059
020
e 13
« 064
+ 050
~.004
180
077
+165
+029
+016
«044
«N91
+ 026
2018
+ 150
+ 067
* 094
« 077
e P66
« 230
e 0 49
+056
«033
N €9
-.009
+053
+095
+0B9
«099
« 097
117

MEASURED
=0.3226
-0+1791
~0.0565
-0.0629
00718
“0«0€03
=0+01 49
=0.0347
=0«0206
~0.0890
01204
=0.2050
01845
~0.1138
~0.0051
-(0+0435
=0+.205%
01846
=0.00616
“0+.0692
-0.0654
-0+.043%
00443
=0.0223
=0.1040
~0+1095
=0+0997
=0+1080
~0+0894
=0«0496
=0.0155
~0s0774
~0.0457
"D« 1786
=0+1377
~0.0783
=0+1493
~0.2028
~0e2642
=0.0290
~0+.0226
~0.0925
~0+0432
~0.090¢
~00486
~0.0504
~0+.0364
~0+2680
“02793
~0+1634

FITTED
-0.3059
~0+1786
-0.0557
-0.0772
~0+.0639
~0.0505
-0.011)
~0.0353,
~0+0457
~0.N912
~0+1074
~0.1773
=01 6717
-0.1021,
~0+024Y
-~0.0583
~0.2188
~0.1996
~0+0766
~0.0407
~0:0986,
=0.0702,
~0.0719
-0.0250
“0+1269
~0.¢1198
~0.117)

- ~0.0985

~0«1037
~O-061%
~0«0460
~0.0483
~0.0463
~0e 1 600
~D.1606
~0.0893
~0+ 1492
01984
~0+265 3
~0.0530,
~0.0522"
~0. 1005’.‘
~0«080¢
“000775*
“000794*
~0.0E9}

-0.0817%

~0.2937
02876
~0+1704

o
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RUN cv

276 4.00
277 4.00
277 3.00
279  4.00
220 6.00
281 S.00
282 6«00
283  4.00
286 4.00
246 3.00
237 3.00
288  4.00
239 2.00
290 2.00
294 3.00
295 3.00
296 4.00
297 4.00
298 4.00
299  4.00
300 S5.00
109 2.35
110 2.92
111 3+.8%
112 4.95
113 6.02
114 2.87
115 3.02
116 3.01
117 2.82
119 4.03
120 3.03
121 3.02
122 2.7
123 2.49
124 3.05
125 3.06
127 3.01
12¢ 3.03
129 3.01
130 2.99
131 3.02.
132 3.06
133 3.06
136 4e 0 4
137 6«09
138 6.05
139  4.092
140 5.00
141 4.99

R=-1851

FABLE A-11 (cont'd)

MEASURED AND FITTED LONGITUDINAL FORCE
BETA=15.DEG

W
«0O0
<000
« Q00
+ Q00
« (00
« 000
+ 000
+ 000
« 000
« 000
« 000
+ 000
«Q00
« 000
« 000
« 000
- Q00
+ 000
+ 000
<000
«000
« 059
«073
« 097
e 124
« 150
«04u2
<076
«0175
«071
- 10
«076
0075
«072
<072
076
«07¢
«075
076
.0—/5
<075
<0775
076
«076
« 101
e 152
151
« 100
«125
+ 125

b e B e

PHI THETA
be ¥ 3¢ 60
=03 3.60
147 3. 50
e 84 3«50
He 250
4e 8 2+ 50
14«7 2450
147 2.50
14¢7 2.50
9.7 4e 50
Q2«7 4.50
19¢% 4450
14¢7 4 50
198 4.60
=03 5.50
=03 5.60
=0.3 6e 60
467 3. 60
de 8 160
14.7 1+ 60
=03 1.50
0.0 300
Oen 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0«0 300
0.0 3.00
5.0 3.00
-5+0 3.00
=100 3.00
-15.0 3.00
=200 3.00
0«0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 2.00
0.0  4.00
0«0 5.00
Q.0 6600
=50 300
=150 5.00
=200 6400
=200 6400
5¢0 3400
5¢0 3.00

A P NPT e o)

PSI

5.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
200
20.0
200
20.0
20.0
20.0
200
200

n
wn O

—

. L] . L]
oie NoNeNeoNeNoNoNoRoNoNoNoNeRoRoNoRoRoRoRoRoRoRo ke Re e ReRoRo R Ne)

]
N —
OC)O!DC)b(ﬁC)mCDC)OCDCDO:DC)O(DC)O(DC)O(nu1m

]
1 —
ur O
.

t
N
o

.

~20.0

i
v}
o
o

A2]

7T
+ 058
<068
e 049
« 133
« 100
+ 168
« 028
+ 034
«020
« 043
« 075
kX% %k k
« 098
+ 136
«090
« 056
«046
«059
«0g2
« 038
- 051
« 069
« D60
« Q052
045
« 037
« 049
- 081
« 155
¢ 156
« 181
<059
+056
<052
e (046
« 040
+ 058
«067
«066
e (€6
¢« 063
+054
=057
«095
« 003
&k ok ok
* 5 koK
«022
«021

MEASURED

-~0+.0456
~0.0458
=0.0377
=0.1629
02734
=0+3614
-0.1313
~0.0568
=0.0325
~0.0144
=0.0420
=0.0457
-0.0273
~0.0695
=0.0511
-0.0179
-0.0328
-0.0536
-0.1076
-0.0703
020868
-0.0349
“0.0461
-0.0675
~0.0852
=0+1650
~0.0429
=0+0639
=0.1337
=0+1175
02564
-0.0561
=0+¢0490
~0.0514
=0.0642
~0+.0809
00054
=0.1504
=0.200¢
~0e«2419
=0.0621
=0«0440
=0«0421
=0.0565
~0.13%0
-0.5789
~0«4290
-0.4132
=0 6081
~0«61806

FITTED
~0.0624
-0.0868,
~0e0565
~Qe1667
~0.2947
+~0+3529
-0.1332
-0.0725,
~0.0545,
-0.0481,

w

~0.0704,
~0.0520,
-0+0555"
-0.0705
~0.0680,
~0.0447"
-0.0384
~0.0640
-0+1350
-0.0892
~0+1463
~0e«041°
-0.0415
-0.0514
~0+0774
~0+1164
-0.0329
-0.0598
-0.1236
-0+1138
~0.2466
~0+.0408
~0e0447
~0.0472
~0+0536
-0.0702,
0.0110
-0+ 1559
~0«2134
=0 P594
-0.0633
-0.0403
-0.0352
~0+03K0
-0.1236
=0 5578
~0e3741
~0+ 4393
-0+ 62106
~0+6176

|
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:
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R-1851
FABLE A-11 (cont'd)

MEASURED AND FITTED LONGI TUDINAL FORCF.
BETA=15. DEG

RUN cv W PHI THETA PSI 7T M™MEASURED  FITTED
142 2.91 .0732 ~5.0  3.00 =5:0 <056 =0.0930 -~0.0919
i 143 1465 «041  =10.0  €.00 0¢0 <153 =0.0521 =0.0628
? 144 3479 4095 =-10.0 3.00 =20.0 .093 =0+ 4857 =Qe4515
] 145 2.7¢ 110 5.0 2.00 5.0 <045 -0.2229 -0.2206
: 147 387 097 =5:0 600 =20.0 026 =-0.3901 <-0.370]
; LA IR NAPYARN PY T 9¢0 297 =0.1550 -0.1255
s S0 394 w0980 =15.0  4.00 S0 +093 -0.269% -0.2386
, 151 2.95 4074 -10.0 2.00 =100 +105 =-0.2213 -0.2065
§ PS4 478 «1P0 =5.0 3400 -5.0 +0N32 -0.1908 -0e1854 ¥
; 15¢ 310 075 Qe 2400 =100 +053 =0+152] -04159] i
] IS7 3402 076  =5.0 a0 =15.0 <050 =0+2137 -0.2013 :
158 3.99  .y00 =5e0 o000 =150 <040 -0.3409 =-0.3277 '
4 PEO 2440 w0CGO  =1040 2,00 =20.0 044 =-0.]721 S0. 1818, 4
: 161 6e1% 4154 5¢0  3+00 =200 +044 =1.1230 =1.0160
é 162 6421 «155 S5¢0 300 =20.0 +040 =-1.0429 <-1.0137
: 163  6+1%  «154 -10.0 2.00 =15.0 +004 =0.7509 ~0. 7338
E 164 4e38 w110 =10.0 5.00 =20.0 041 -0.5427 -0.5055
P65 3423 w0K1l  -10.0 2.00 =20.0 +0K2 =0.3625 -0+3392 =
‘ POG 2415 <054 =10.0 4e00 =15.0 +037 -0.1068 -0.1118 |
167 2e6a Q€6 =5.0 3.00 =50 +065 =-0.0847 ~0.065¢, {
168  S.65 o141 -5.0 5.00 5¢0 "+«073 =0.0252 =0.0029 i
, 169 4472 1w “0ed 2400 -10.0 4052 =0+3601 -0e3649 1
! 170 581 145 °+0 3:00 =5.0 .040 -0.3326 -0.3051, i
171 4e74 o114 0.0 2.00 S¢e0 <064 -0.01T71 0.0020" i
173 Syl o148 -5.0 3.00 0¢0 077 =0.02854 ~0.2380, !
174 4483 4121 -20.0 5.00 S¢e0  +045 =0.0214 ~0.0599 1
175 6+.04 151 =20.0 5.00 =50 +020 -~0+.4892 -0.4608 i
177 3.75 <094 =100 5.00 5¢0 «013 0.0423 0.0%08 {
178 2.96 .074 -5.0 3.00 =5:0 <048 -0.0931 -0.087%
TEQ 3«18 +079 =15.0 400 =100 +111 =0.2433 -0.2318
181 S.11  o17% =5¢0 2400 =150 <046 =0.5709 <-0.5682
182 2.15 054 =-15.0 3.00 Se0) «002 0.007g 00056
P83 4491 4123 -20.0 5.00 =-15.0 <012 -0.5812 ~0.5604
124 S.08 127 5.0  4.00 0.0 071 =0+1704 ~0.1269,
527 1.2 .0068 0.0 3.00 040 +112 -0.0337 -0.0534
528  2.87 .10¢ 0.0 3.00 0«0 076 =-0.0548 =0.049]
529 3.77 .145 0.0 3.00 0+0 +052 =-0.0680 =0.0484
S30  4.98 L&Y 0.0 3.00 0+0 +043 ~-0+0810 =-0.0782
531 5.97 224 0«0 3.00 0.0 +037 -0.0945 =-0.12g2 :
532 2.96 «111 0«0 3.00 0.0 .052 -0.0285 =-0.0317 i
$33 2+.97 +111 0.0 3.00 0¢0 +104 =0.0844 =0.0752 :
534 D96 o111 0.0 3.00 0e0 154 -041197 =0.1190
S36 398  .149 0.0 3.00 0eD 146 =-0+2045 =0.1892
537 397 <149 0.0 3.00 0¢0 195 =~0+¢2963 =0.26064 i
S3B 2.96 .111 5.0 3.00 0¢0 075 =-0.0621 =0D.0476 {
539 2.96 .11} -5.0 3.00 0:0 074 =~0.0€18 =0.0556 B
5S40 3.00 +112 =10.0 3.00 0¢0 +063 =-0.00631 =0.0578 1;
341 2497 111 =150 3.00 0¢0 +044 -0.0657 =-0.0563 !%
542 2.98 112 =20.0 3.00 0e0 +019 =-0.0571 -0.0557 P
543 2.98 112 0.0 3.00 35¢0 074  0«0214 0.0257 .
i

A22 !i
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IR RAY
Sa4
S a5
S46
547
548
849
550
551
S52
553
559
556
S5¢
559
560
SG1
564
566
567
568
569
570
571
STo
573
511
579
S€0
581
543
585
586
58¢
593
594
595
596
59g
599
600
601
602
603
604
61E
619
620
621
622
623

cvV
P00
2499
e
L0990
2.97
2.98
Pe97
3.0)
100
403
He UK
e 99
399
300
6«00
5.00
Ga Q1
601
6+ (00
J» 98
397
2+99
He OT
.00
5.95
4497
1.99
Q.96
6+ 00
5¢95
&+ 01
2496
3.91
4.03
297
3.01
2«03
3.01
3.02
201
5.02
5.05
3¢05
Se 99
1.90
299
250
307
306
3+05

MEASURED AND FITTED LUNGITUDINAL FORCE
BETA=154DEG

e o s o o e o
[ I
— et b eb b e e e
WG~

L]
2
-~

* o
N -
N o
A —

117
« 150
« 113

D0

- 185
« P25

0N

225
o] 49
olll‘)
‘112

176

s 112
222

e 1K E

+0775
+ 111
225
223
« 225
«11]1
147
+ 195
« 111
+113
«07¢
+113
«113
«075
« 1 0¥
189
21114
225
v 44
204
188
e 230
230
228

MIEIPRF SRR vy Ao ra

« e & s s e T
OC DO DD DD~
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LU OO OO0 DO0D 7

e & s *

THETA

300
3.00
3«00
3.00
200
Ae 00
5.00
6+ 00
4600
300
44 00D
4. 00
6400
300
200
5.00
300
3«00
5«00
600
4' OO
3.00
600
3«00
2:00
300
6«00
6400
200
2,00
3«00
3« 00
3. 00
60D
400
400
5¢00
5.00
3.00
&+ 00
5. 00
2400
5¢00
4400
3.00
3.00
300
3.0N0
3.00
.00

*

1 ]
0 1 -
o
. L ] - - L ] L] L 3

4

e o & e & s =
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0N
U200 O0D VL2V DUUDULIDOCOD
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OO0 000000VTOCOOOODOODOO
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TABLE A~11 (cont'd)

ZT
078
Q079
«057
+ 084
080
+ Q60
059
+ 055
* 136
« (64
+ (64
+136
+ 003
071
+ 065
+ 054
+ 086
EEE S
+014

e 169

« 146
e 049
«0T1
« 082
+ 106
« 1886
« {91
Kook
« 050
« 0589
e 072
« 125
<021
« [ 38
+ 104
« 276
o [ 28
+ Q73
¢+ 254
026
*kokok
+ 036
052
« (393
.070
<078
+ 050
« QK6
+ 136

MEASURED
=0.1312 =-0.1309
~0+3509
~0.2950
-0.0718
~0.0354

~0.3377
~0.2572
~0.0778

~000503
. " =0.0349
~0.0336
~0.2279

“~3905
~0+0904
=0+0664
~0.1325

~0.1088
~0.0572
~0.1347
~0s 4762
~0+1945
~0.0273

“O ?197

~1+4092 ‘l’A219
~0+0476
~0+5085
~0.2365

~0+9344

-0-1174’
-0.9518
-0.1319
~1.4976
-1.0559
~0+1305
-0 474
-0+2105
-0.5932

~1+¢4975
~1+0436
~0.1372
“0e« 4626

o te el v e A

~0.5889
-0+ 5327
~0.1098
-0.3186
02057
~0.1544

~0+1295
=0.2925
=0.2000
-0-1388

N3 et

~0.1008
~0.2952

-0.0772
~0.2692
=0.1352
~0+«1914
=0+ 6427
=0+ 4963
-0+3056
-1.1386
-0.0346
-0.0292

~0.2083
~0.6272

=0+3104

~0.029%
~0.0274
0«01 62
00473
-0.0842

~0.0115




RUN
625
626
627
(PR
629
¢30
631

632
633
(34
635
636
637
638
639
640
641

642
643
644
(45
646
660
661

662
665
66717
6068
670
671

672
673
674
675
676
€73
681

682
683
6RS
686
(88
629
690
691

¢93
694
695
697
69y

cv
.01
299
3.01
3.00
3.01
298
2. 97
2496
2.97
2«97
297
298
Ce98
2.98
2647
2¢ 48
296
2+ 48
1497
2450

199

2496
299
199
299
2+ 51
3.00
2.00
299
2451
299
199
250
250
199
199
2451
2. 50
297
299
2450
299
200
3.00
2.007
DL 46
2¢96
2+96
De 27

2«99

R-1851

TABLE A=11 (cont'd)

MEFASURED AND FITTED LONGITUDINAL FURCE
BETA=15.DEG

PHI THETA

W PSI ZT MEASURED FITTED
226 5S¢0 3.00 0.0 «061 ~0.02873 -0.0126
224 - =540 3.00 0«0 066 -0.0362 -0.0369
226 =100 3.00 0«0 «049 =0.0297 =-0.0380
e 228 =150 3.00 0.0 028 -0+.0284 =-0.0403
226 =20.0 3.00 0«0 <003 =0+0242 -0.0462
223 0.0 3.00 50 +0¢€3 01267 01295
« 203 0.0 3.00 =5¢0 070 -0+1811 =-0+1826
222 0.0 3.00 -10.0 .07 -0.3287 -0+3336
« 223 0¢0 3+00 =150 072 =0.4744 -0+4876
« 223 Qe 300 =200 053 =0+6102 =-0.06223
223 0«0 2.00 0«0 <062 -0.0394 =0.0315
« 223 00 4.00 0.0 +060 -0.0285 =-0.0209
222 0«0 500 0.0 +053 -0.0260 =0.0210
« 223 0«0 6.00 0«0 048 -0.0281 -0.0218
+ 185 0«0 600 =-20+0 058 =0+4332 =0.+4356
186 S«0 6+00 ~5¢0 232 -0+2334 =-0.2490
222 =5.0 3.00 =5.0 108 =~0+2289 -0.2262
e 1806 =50 £+00 50 275 =0.0726 =0.0615
o1 4K 0«0 4+00 =100 206 =0+2113 -0.2191
<187 =200 300 =100 **k¥% =0+2300 =0.2290
149 =200 300 =10+0 0069 =-0¢1844 =-0.1702
200 =50 3.00 =50 <061 =0+1875 =D.1822
«224 =15.0 3.00 5.0 07 0«077¢ 00776
« 150 =50 3:00 ~-15:0 <106 =0+2435 =-0+2516
224 =200 600 =100 108 =0e4567 =-0.4823
188 0.0 3.00 =5¢0 4092 -=0D.1524 -0.1483
205 5.0 6«00 ~10.0 «18) =0«4510 =0+454]
+ 150 =5¢0Q 3400 =100 066 =-0+1644 =0.105656
224 -5.0 500 -2N0+0 +158 -0.7585 '0-7429‘
« 188 5¢0 5.00 0«0 043 -0.0245 0.0032
204 =5.0 3.00 =5+0 <056 =0+1907 -~0.1818
o149 =50 6400 =50 +255 =0+1913 -0.1883
+ 1 KB 5¢0 5.00 00 «09]1 -0-0461 =-0.0337
« 184 ~5+Q 6.00 0.0 +037 =0.0230 =0.0176
¢ 149 =200 300 =200 kfkk <~0.2777 =0.26K9
+1249 -10.0 3.00. S¢0 079 0.0318 0.0312
188 =100 600 =150 +034 =03514 -0.360%
187 SeQ 6:00 ~100 +256 =0.35%85 =-0.3735
« 223 -5.0 3.00 =5¢0 <075 =-=0+1877 =0+1965
224 =150 6400 0.0 229 -~0:2119% =-0.2279
188 =15.0 8.00 Qe 4279 =02239 -0.2294
« 224 O0¢eD 5400 ~-15¢0 +185 =05974 =-0.6060
¢ 150 0«0 5¢00 S¢«0 077 0+0490 0.0427
« 225 5S¢0 6.00 =-20¢0 124 -0.7100 -0.6938
«152 =50 H.00 =15.0 342 =0.4088 =-0.4116
S185 =10 ) 2.00 5.0 086 0.0485  0.0437
« 2P0 -7 00 4600 “10.0 124 -0+ 4394 =0« 4444
2022 20 3.00 ~5:0 +073 =0s+18%€ =0+1940
185 =100 600 0¢0 224 =041337 =0¢1480
+224 =10.0 600 =5¢0 134 =Q+2763 -002949

o —— e e e i e v am = %
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R=1851 i

TABLE A~11 (cont'd)

MllAFU'?l-il) AND FITTED LUNGITUDINAL FuURCHE
LLTA= 1 be DG

LUN OV ! PET THITA Pe] 77 wWEFASURED  FITTED
YL I AT PR IR e HeOQ ~1060 o222 =0+5112 =0e516)

PG =N () 4e00 =50 177 =0+3419 =03414
1

700 3.00 22
701 DeaR W 1BG =200 5600 =20+0 087 =0¢5149 =0+5163

MEAN ERROP= 0.0019
! STANDARD DEVIATLIGN= 0.0021
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R=1851
FANLE A-12

MEASURED AND FITTED LONGITUDRINAL FURCE
BETA=20.DFG

RUN cV W PHI THETA PSI . ZT  MEASURED FITTED
¢ 316 4.00 000 408 3470 5.0 086 =0.0591 =-0+0825
5 317  4.00  +000 407 3.70 Se 0 +088  -0.0648 =-0.0847,
; 31&  4.00 +000 4477 3. 60 0.0 131 -~0.0632 =0.+1438
L A26  4.00  «000 4l 3460 0«0 +116 =0+1053 =0.1234
» 328 4.00 000 9¢7 3.70 0:0 «N70 -=0.0552 =0.0690
. 329  4.00  .000 14477  2.70 0.0 ¢047 =0+0432 -0.0547
L 330 4.00 <000 196 3ol 0.0 «025 =0.041% =0.0245D
- 23] 400 000 27.90 360 0:0 =+4006 =0:0457 =0.0494
3 332  3.00 000 19«7  3.¢0 0eQ 191 -0+1529 =0.1577
: 337  4.00 +0NO 273 470 0.0 2179 =0.2764 -0.2845, .
’ 340 3.00 +CO0O0 4e71 2460 0+0 «098 =0e0437 =-0.0771 :
i 342  6.00 000 19.8 3.70 0.0 141  =0+4405 ~0.4917
i 344 3.00 000 273 54770 0.0 ¢281 =0.2530 =-0+2429
i 345 3.00 +000 273  S.60 0.0 «173 =0+1460 =0+1680
b 349  S.00 000 4«8 5.60 0.0 .053 -0.0525 -0.0758,
4 351 600 +000 -5¢3  6.70 0+0 +051  -0.0930 =-0.1920,
: 353 2.00 000 27.2 6470 0.0 «068 -0.0272 =0.0470 3
1 354 3.00 +000 =5¢3 6460 0.0 «110 =0.0585 =0.084( o
355 4.00 000 9.8 64710 0.0 186 =0.2425 -0.2172
356 3.00 000 ~0e3 6470 ~5.0 «236 =0+1564 =-0+1675 :
357  4.00 000 97 6470 ~5.0 «069 =0.0731 =0.0818 ‘
i 358  4.00 000 9T 64770 - 5.0 060 -0+0793 =-0.0705 'k
' 359 4.00 .000 9. Gel0 -5.0 «(061 -040785 =-0.0713 B E
‘ 362  4.00 000 9¢7 %460 -5.0 «065 =0+0757 =0+.0663 !
364 3.00 .000 14¢°7  S¢70 5.0 c 266 =0+207% -0.1845 ;
3 365 5.00  «000 198 Se60 ~5.0 ¢ 170 =-0+3824 =0.3423 ;
366 6.00 00O 198 4470 - 5.0 «132 =-0+4341 =0.4359 ]
3ER 4000 00D 9¢7 0460 - 5.0 «109 =0.1063 =0.1402 A
369 2.00 000 9T 2¢O -5.0 $172  =0.0509 -0.0457 o
370 4«00 JN00O 147 2460 -5.0 «045 =0.0553 =0.0579 v
371 S.00  .00N 4c Re60 0 =500 145 =0.2568 -062956 .
74 5.00 000 ~0s3 3060 -5.0 s 069 =0.0877T =-0.0894 S
274 5.00 PEATRIA] “Ned e -Se ) f N S eNEEE = ()ikAA i
D6 Al o0 =0l e LD =50 SORY =N 0NTINE ~0an Tty j
i AT .00 W n0n AT R (D 5.0 O] ~0e00A0 =0.0TCS 3
A fe VN NEATRTS! el Q. (0 S50 sN64  =~0.0536 =0.04%2)
379 4,00 .00N ~0e 3. 60 5.0 f0BA S006HRE  =0e07061 .
; 2g0 3.00 0 L 00N =5¢3 3460 5.0 *1AR . =Q0.0710 ~0.0973, o
- 31 3400 000 =0e3  De 60 500  «117 =0.0%44 =0.0906" ;
; ao 5.0N0 000 e T D460 5.0 Q076 ~0e1174 -0-1291* ' ;
33 3.00 000 197 2460 5S¢0 «02F  ~0.0258 =-0.0496 ;
s 385  5.00 000 1de% 2460 S5¢0 153 ~0e3709 =0.36602 o
. 3RT 600 00N 4o 246N 560  +151 -0.4624 =0.4%66 !
: 388  3.00 000 =52  6.770 50 «310- =0.2R266 -0.2219 o
389  5.00 <000 9e7 6460 5.0 «040 =0.0733 =0.0899 -j
395  4.00 000 27¢4 560 5¢0 176 =~Ce2BA0 -0.2966 i
396 4.00 000 4o 3e 60 5.0 «0B1  =0.0586 -0.0764 "i
397 4.00 .000 “D+2 3.60 100 «NB4 =0+0551 =0.073% g
398 3.00 000 -5¢3  3e60 100 146 ~0.0¢46 =-0.0914 ;ﬂ
399  4.00 000 9 3660 10.0 «0B7 =0.0945 =-0+.09%0 !j
A26 | i
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PN
400
4201
402
e
S0y
PARN
A0 7
40%
409
410
411
412
413
41 4
415
417
Q19
420
401
4”2
423
42 4
a9
aA0g
429
4230
431
432
433
43 4
435
43 ¢
A3
4381
439
a4Q
443
Has
446
447
44
449
450
451
453
454
455
456
457

CV
S.Q0
4+00
3.00
200N
500
200
Ao 1)
300
2.00
400
3.00
300
3,00
5.00
.00
5«00
S.00
600
d« N0
.00
3.00
L0
G« D0
5.00
4400
4400
600
3.00
S.00
300
4400
200
(e 00
300
4000
4400
.00
600
2.00
/IoOO
2.00
3«00
3.00
e Q0
3.00
600
4.Q0
600
He 00
400

W
+ 000
« 000
« 00N
« QN0
« QOO0
« ON0
« Q0
« 00N
« 000
« 000
<000
« Q0
« 000
+ 000
« Q00
« 000
«000
+ 000
+ 000
« Q00
« OO0
00N
Q00
+ Q00
Q00
« 000
+ 000

« 000 -

« Q0N
+ 000
+ 000
« 000
- Q00
+ 000
« Q00
+ 000
+ 000
- 000
+ 000
+ 000
» 000
+ 000
+ 000
+ 000
+ 000
+ 000
+ 000
+ 000

MEASURED AND

PHI THETA

197
14«R
14¢7
467
=03
~S5e3
273
D72
19«7
97
27+3
-5.2
=53
-5.2
=03
19.7
0.3
272
14,8

held
DK
14.R

A 2
1448

4e R
Q.2
5.0
1448
1448
1467
-0+3

46 T
97
270
-5.2
-0+3

4 7
272
273
272
19. %

467
9.7
=03
19.7
AR
9.5
19.7
14.¢
19.8

3¢ 0
3« 60
6+ 60
66 GO
6. 60
6+ 60
6+ 60
6 60
4¢ 60
De 60
5. 60
Se €0
Se €0
5¢ 50
S5e¢ 60
5. 50
Se 50
3¢ 60
2+ 60
2 60
2+ 60
2o 60
20 60
4 50
Ao £0)
44 70
de 60
4e 60
le (‘0
4e GO
Ze 60
6o 70
6+ 70
6+ 60
Ge 60
Ge 60D
5. 60
S5e¢ 50
4e 60
de 60
4e 60
de 60
4e 60
3«60
3¢ 60
3« 60
3« €0
2.4 60
2+ 60
1. 60

s . N
i’!
W

.

rARLE A-12 (cont'd)

R=1851

FITTED LINGITUDINAL FURCE
NETA=20.DEG

PSI 7T MFEASURED FITTED
10.0 «019 -0.0738 =0.0022
100 ¢+ 1€3 -0N2198 -0.2249
10.0 «223 -0.1953 =-0-1880
100 +152 -0+1106 =0.1167
100 <091 041525 -0-1623,
10.0 +120 -0.0263 -04055!1
100 =027 =0e0D444 =0.0453
100 -+025 -0:0164 -0+0194

10.0  +038 =0+0068 =0.0321

100  +063 -0+0597 =0.0761

1060 -+016 =0.0310 =0.0413

100 211 -0+1346 =0.1333

100  +212 -0+1307 =0+1336

15¢0  +0869 =0+1326 =0+1352

150  +201 -0+1192 =0.1278 !
15:0  +028 =0+1142 =0e1161

150  +057 -0.0730 =-0.0822

15:0 =+048 =0e0625 040159 .
150  «056 =0+0649 -0.0834 -
150  +109 =0.0482 =0.0822 A
150 « +152 =0.0747 =-0.1283 '
15:0 <130 =0.1925 =0+1996

150 125 ~0.3826 =0+3719

150 2077 =<0+1684 -0+3609 K
15.0 «215 =~0.2523 -0.2393 i
150 +290 ~0.3268 =-0.3276 N
15.0 «0F0 ~0+1736 =0.i971 4
1540 +135 =0.0913 =-0.1118 U
150 +033 =0.0579 =0.0746 g
150 <05 =0.0237 =0.0593 o
15:0  +063 =0.0243 =-0+04068 o
150 123 ~0.0209 =-0.0624 P
150 <041 =0.0896 =0.2005 P
15«0 + 001 =0+.0462 =0.05%44 o
15.0 1S =0.2047 =0:1943 ;
20.0 «051 =-0.0321 =-0.0576 i
20.0 <075 '=0.0201 =-0.0587 x
20.0 -«013 =0.1914 =0.1722 b
20+0  +13% =0.0770 =-0.0633 ;!
200 =.025, =-0.0379 =-0.0412 A
20«0  +112 =-0.0352 -0.0506 v
0.0 115 ~0.0565 =0.0746, o
20.0 065 =0+0179 ~0+¢0549" i
20+0  +085 =-0.0572 =-0.0683, .
20+0  +057 -0.0420 =-0.0700 g
20+0 <119 ~0+3235 -0.3373 o
20¢0 190 =0+2369 =0.2362 JI 3
2040  +032 -0.1389 =-0.1487 P
20.0 4072 ~-0G.0882 =0.1057, K

2040 «014 =0.0250 =0+0547"
A27
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R=-1851
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P A

FTABLE A-12 (cont'd)

MEASU#ED AND FITTED LONGITUDINAL FORCE
BETA=20+DEG

P '
g
H

l RUN cV W PHI THFETA PSI ZzT  MEASURED  FITTED
: 459  4.00 000 4¢8 300 5.0 077 =0+0650 =0+.0718
3 211 2.07 +052 0.0 3.00 0+0 «106 =-0.0435 =-0.0316
B P12 2.96 +074 0+0 3.00 0.0 079 =0.0625 =-0.0506
213 3.92 Q9K 0«0 300 00 c070 -0.0924 =0.064;
. 214 5.00 <125 0.0 3.00 0.0 056 =0+1137 =0.0790
! 2195 S5.96 1249 0«0 3.00 0.0 «047 =-0.1931 -0.1315
: 216 2.94 074 0+0 3.00 0.0 «069 -0.0554 =-0.0434
§ P17 3.01 +075 0.0 3.00 0+0 +106 =0+.0898 =-0.0728

: 218 3.02 Q75 0.0 3.00 0«0 «146 =041315 =~0.1068 .

{ 219 3.97 +099 0«0 3.00 0s0 122 =041732 =-0.1423 ]
1 220 Q0 « 100 0«0 3.00 Q0«0 1l 47 '0-?135 -0«1846
: 221  5.00 «125 Q.0 3.00 0s0  +120 =0+2584 =-0+P2349
& PR2  4.95 124 0+0 3.00 0.0 «146 =0e3214 =-0.2934
E P23 5.96 149 0«0 3.00 0.0 116 =0.4409 =-0.3685
) 224 3.00 075 5.0 3.00 0+0 074 =0e0574 =0.0479
225 2497 Q74 -5.0 3.00 0.0 074 =0.05%79 =-0.0503

226 2.99 075 =10+0 3.00 0.0 «0€69 =-0.0628 =0.0532 i

227 2.99 4075 -15-0 3.00 0«0 c060 ~0.0648 =-0.0568 F §

228 2.97 <074 =20+0 3.00 0«0 048 -0.0700 =-0.0606 ;

. P29 2.95 074 =275 3.00 0.0 <029 -0.0843 -0.0730, i

. 230 £.98 074 0.0 3.00 5.0 * +079 =0.0092 0.0045° i

P 231 2498 J074 0+0 300 -5.0 078 -0+1066 =-0+1052 ;

, 232 2.94 073 0+0 300 =10.0 «079 ~0e1483 =0+154] i

233 3.02 075 0:0 3+00 =15.0 078 ~0.2083 =-0+2135 :

234 3.01 «075 0+0 3.00 =20+0 08B -042615 =0.2678 j

235 2.9% +075 0«0 2.00 0.0 QB8 -0.0851 =0.0792 :

236 3.00 075 0+0 4.00 0.0 Q7% -0.0569 =0+0450 T

! 237 3.01 «075 0+0 5.00 0«0 «0B1 -~0.0657 =-0.0493 _§

; 23S 2.97 074 0:0 6.00 0+0  +06%5 =0+0494 =-0.0417 { :

E‘ 239  4.90 +102 S«eQ 2.00 0+0 +123 -0.3208 =-0.2859 ;

E 240 4400 +100 ~5.0 3.00 0.0 «12% -061737 =0.1533 i

P 241 5499 «150 =15:0 5.00 =10+0 +014 =0+5463 =-0+5505 ;

L D42 5.99 150 =27¢5 6400 =5.0 =.038 =0.3773 -0-3901 i

E 243 3497 +099 =275 6400 =200 =+046 =04025 =0.4112 b

- D44 2.99 Q715 =5.0 3.00 ~5.0 +077 =-041105 =-0+1093 i

b 245 4.91 123 5S¢0 3400 =20+0 c056 =-0e6164 =-0-6304 3

¢ 246 te74 044 =15.0 6.00 0.0 ¢155 =0.0444 -0.0558 i

247 3.90 <098 =10+0 2.00 =20.0 111 =-0e5371 =-0.5317 !

. 248 4496 QR4 5.0 2.00 =5.0 «059 =0e.2494 -0.2664 :

y 250 3.99 100 ~5¢0 600 =-20.0 058 =0+.4113 =0.4306 P

! 252 6.05 +151 =10.0 3.00 5.0 105 =01637 =0+1435 b

b 254 Q98 +099 =20.0 4.00 5.0 104 =0.2828 =0.2617 i:

. 255 2499 075 =10.0 3.00 =10+0 +136 -0.2189 -0.2156 P

¢ 256 2.97 074 =5.0 3.00 -5.0 «079. ~0+1100 -0+1095 b

259 5.02 «125 =20.0 4.00 Se0 +135 =0.1¥838 -0¢1628 j

261 3.Q0 «075 -5«0 2.00 “10+0 «067 =Qe1620 -0+1755 'l;

262 4.01 +100 “5¢0 600 =150 +059 -0.3351 =0.3434 {

- 263 2410 +053 =15.0 2.00 =20.0 <055 =0.1336 -0.1393 i

264 6.06 152 5S¢0 3.00 =-20.0 052 =0.9788 =0.9944
265 6.09 152 =15.0 2.00 =15.0 «027 =-0.7971 =0.8277

A28
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R=1851

rABLE A=12 (cont'd)

MEASURED AND FITTED LONGITUDINAL FORCE
BETA=20. DEG

RUN CV W PHI THETA PSI ZT MEASURED FITTED
266 4+00 +100 =10.0 5.00 -20.0 «086 ~0.48EE -0.4806
D267 4493 +123 =15.0 2.00 -20.0 +063 -0e7445 -0+7495
PEZ Re98 074 =5.0 3.00 -5.0 «078 -0+1086 =-0.1091

; 269 2.03 051 =-15.0 4.00 =150 <069 =-0-1034 =0.1101,
S 270 597 149 =5.0 5.00 5.0  +095 -0:5378 -0.0807
; 271 4495 124 =10.0 2.00 =10.0 +056 -0+4095 -0+ 4289
- 272 5.93 +14% 0+0 3+00 =5.0 067 =0:4270 =-0.4054,
; 273 5.00 «125 =5.0 2.00 5S¢0 <069 -0.0112  0.0115"
; 274 5.9%5 +149  =5.0 3.00 0.0  +099 ~0+3609 =-0:3147,
: 275 4497 124 =20.0 5.00 SeQ  +040 -0.0083  0+0074
4 276 5498 150 =250 5.00 -5.0  «031 -0+5135 =-0.5063
¢ 278  S5.62  «140 5¢0 - 6400 =150 <104 =0+7983 =0.7842
: 279 2+75 <069 =5.0 3.00 =5.0 +093 -0.0945 =-0.1042
g 280 3.69 09 =-15.0 5.00 5.0  «021  0.+0351 0-04K2
; 262 4,09 102 =-20+0 400 =-10.0  +083 -0.3625 +0.352] ;
¢ 283  4.92 4123 =100 2.00 =15.0 <066 -0.5281  -0.5893, .
§ 284 2.06 +052 =R0+0 300 5.0 4062 -0+0147 =0.0000"
r 285 AeB4 121 =25.0 500 =150  +025 =0+5561 =0+5765
| 312 2.06 085 0«0  3.00 0.0  +095 -0+0519 =-0.0332
F 313 3.20 .120 0.0 3.00 0«0  +0B4 =0.0706 =0.0572
: 314 4.29  +161 0.0 3.00 0.0 +055 -0.0706 -0.0523
- A1S 504 196 0.0 3.00 0+0  +046 -0.0864 =0.0860,
! Q16 €14 230 0«0 3.00 0.0 SRS KIERE PR N R
| AT 3612 11 0e0  3.00 0«0 4063 =0:0474 =0.0370
3% 3.01 «113 0«0 3.00 NeQ 125 =0.098% =0.0850
L 320 416 15 0.0 3.00 Qe 4125 =0+1916 =0+1682
: 221 4.05 «152 0.0 3.00 00 125 =0.1774 =-0+1596 ]
{ 324 4299 IR 0.0  3.00 0e0 129 =0.2730 =-0.276¢ o
g 325 4e9Y W17 0.0 3.00 0«0 182 =0+3251 =0.3379 o
; 326 3.01 113 5.0  3.00 Qe Q78 =0+0546 =-0.0472 3
- 327  3.01 +113  =5.0 3.00 0«0  +081 =-0.0565 =0.0534 .
| 326 2499 112 =10.0 3.00 0eQ  +071 =0+0514 =-0.0516 L
{ 329  3.01 «113 =150 3.00 0«0  +05%1 -0.0507 =0.0482 i
; 330 3.02 +113 -20.0 3.00 0«0 024 -0+0600 ~0+057% j
i 331 2.99 112 =275 3.00 0.0  +021 =0:0694 =0.0690 :
( 332 2.95 .111 0.0  3.00 5.0 041  0+0409 - 0+0631 .
' 333 3.05 <114 00 3+00 =50  +092 =041393 =0+1445 .
R34 2481 <106 0-0 3.00 =10+0 v 097 =0.1827 =0.1985 !
= 335 2.81 «105 0«0 3.00 =15:0 098 =0.2492 -0.266¢ :
: 336 2.83  .106 0:¢0 3:00 =20.0 0068 =0.2969 =-0+3194 "
337 2.%7 +107 0:0 R2+00 0«0 +105 =0.0905 =0.0851
338 2.90 +10Y 0.0 4.00 0«0  +078 =0+0444 =0.0392 o
341 3:06 115 0.0 5.00 0+0 081 =-0.0568 -0+0458, R
346 1.90 071 =20.0 4.00 5.0 +136 =-0.0304 0.0059™ Lo
347 4406 +152  =5.0 3.00 =5.0 +0%6 =-0.2523 -0.2529 -
RAB 4497 W 1RE 500 4.00 =20.0 <086 <-0+9381 -0.9K66 A
349 4.99 18T =15.0  4.00 5.0 e175 =0+1788 -0.1666 L
350 3.01 +113  =5.0 3+00 =5.0 087 =-0+1380 =-0¢1429 N
351 4:05 +152 =15.0 6.00 0«0 4019 -0.0728 =-0+0546 ;?
352 5.94 .273 0s0 2400 =50 040 =0+4091 =0s4919 '
A29 3




t l R=1851

3#

}_f TABLE A-12 (cont'd)
}

'

MEASURED AND TITTED LONGITUDINAL FORCFE
HETA=204 DEG

. RUN CV W PHI THETA PRl 2T v EASURED FITTED .
i 353 4499 187 -20.0  5.00 0.0 «072  ~0.20229 =0N.229K

' 355 5.00 <187 =200  5.00 0.0 fO7Y =0.2097T ~0e2a46

' 59 4400 <150 -25.0  5.00 5.0 +098  ~Q.0564 =~0.0495

' 260 4.00 <150 Ged 2400 5.0 « 209 =0«1367T ~0.1152
J61 5699 4205 =25.0 5400 =20:0 =011 =~1.3448 =~1.4595

362 4.0 + 150 =15.0  6.00C 0.0 016 ~0«0450 =0+02K9

363 4.04 152 5¢0  4.00 -10.0 +192 ~0+5170 -D.51 75

364 A.03 15} -5:0 3.00 0«0 129 =0.1817 -~0+1669

I6S 2.97 L1110 =5.0 3.00 -5.Q «091 =-0s1172 -~0s1M19

RIS &y Q7] 18R ~10.0 6400 ~PNe ) « (055 =0.9101 ‘O-9888*
270 5452 4207 <5.0  3.00 =200 +090 ~=1+5010 -=1+3153
I Se0ND LR 5.0 3.00 0.0  +069 =0+1308 =-0+1323
372 2499 110 500 200 =-20.0  «094 =0+3698 =0e3B89
373 1497 4074 =200 6400 =560 +1€7 =0+1299 =01211 o
374 2492 4109 =200 £.00 =50 105 =0+1827 =0+1914 o

37¢ 500 1827 =5.0 2,00 0+0  «071 =0+1693 =-04+1689 f!
37&  4.02 <151 00 6400 =200 126 =0<6711 =0+67866 P
379  6+Q1 4225 =0PN.0  2.00 0.0  «004 =Q+1318 =001445 b
A0 4497 CIRT  =20.0 2.00  =5.0 <082 -0.5108 -0.5046 3'3
3R1 2499 1192 =5.0  3.00  -5.0  <0KP ~=0N.1325 -0.1365, 8
A4 5495 4223 =10.0 .00 5.0 .+094 0.0053 ~0.036¢° { ]
BRE 2818 418D =150  3.00 “5.0 092 =D 4853 ~0. 4347 tE
‘ 37T S.1P L1uP =bed  3.00 ~5.Q s 11a =0ed726 05020 [ %
) 290 6410 . 2P9 500 500 =~15.0 089 =1+1607 =-142670 t'§
395  4.23  «1bHE =100 6.00 =5.0 «03% =-0+2120 -0.2191 !
396 3419 119 =27+5 4.00 0.0 «128 =-01CBE =0+1562 1
297 3+15 J11¥ =S50 4.00 =~15.0 Y7 =0e3123 -0.3297* . 3
9K 4410 «154  =5.0  5.00 5.0  «137 =-0+0628 =0+0118 o
399 3.0 «1158 -5.0 3.00 -5.0 « 6] ~0el1227 ~0+1265 |
AQR 606 227 =10.0 2.00 5.0 ¢ 040 0« 1528 0+1355 !
403 3«11 117 =100 SeNDN -10.0 151 =-0+3052 -0.2879 :
404 2498 4112 =15.0 6.00 -10.0 P 135 =0.2949 -0.2797 1
405 404 <151 =20.0 5,00 =10.0  «090 -0Qe4T11 =0.4607 ?
702 2.09  W224 0.0 3.00 G+ +093 -0.0498 =-0.0375, 3
703 1.9 .149 0«0 3.00 00 +123  -0.0382 =-0.0080" 4
104 2.49 W A$7 0e0 3.00 0.0 « 103  ~0.0364 =0.0227 o
705 3.0) L0206 0+0  3.00 0«0  +07L =De02TS =0.0177 v
706 2.0 204 Nell 3400 0.0 f 115 =0e0651 ~0.0595 :
707 299 P04 Qe 3.00 NeD 176 -D.1163 -0.1250 :
709 301 .20¢ 5.0 3.00 0.0 «0B5 -0+0390 =-0.+0294
710 301 +22¢ =50 3.00 0.0 P09l =0.0448 =0.0418
711 301 o926 =10.0 3.00 0.0  «076 =0+0477 =0+0370 :
L 712 3.00 225 ~=1%.0 3.00 0.0 057 =0.0373 =0.0329% ;
N 713  3.00 225 =20.0 3.00 0.0  .02& =-0.0279 =-0.0260 o
o 714 3.00 225 =275 3.00 0.0 +006G -D.0384 =-0.0428 i
. 715 3.01 2926 00 3.00 5.0 <088 0.1123 01353 o
b 716 300 +225 0.0 3.00 =5.0  +099 =-0.1920 =-0.2100 |
5 71T 301 295 0eN 3,00 =100 <099 =-0+3378 -0.373% i
B TI&  3.01 228 0D 340D =150 4103 -~0-4BEB  =0.5353 ;3
b 719  3.01 226 0«0 3:00 =2040  +104 =-0+6345 =-0.6909 3
g i
5 0 ;
G| A3
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PN
120
e R
7002
723
124
726
108
130
731
132
733
735
: 737
? 7138
741
743
744
146
747
T a9
7150
£ 751
152
7154
154
757
75R
759
760
761
7¢3
764
765
166
169
71
772
113
174
775
777
780
781
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[ABLE A-12 (cont'd)

FITTED LONGITUDINAL FURCE
DETA=20. DEG

CV v PHI THETA PS1 77 MEASURED  FITTED
Fe0] 006 0«0 2.00 0+0 «090 -=0D+0543 -0+0584
3:00 W00y 0« 4400 00 <100 =0+0409 =0+0371
3:00 o004 NN 5.00 0«0 094 =0D«0404 =0.0323
3¢01 006 Ne0 6400 0.0 <089 ~0.0408 =0.0331
DeH3 . 100 00 600 =200  «0R4  =~Q0¢4509 =0.4502
P.53 10129 5.0  #.00 ~5.0 P56 -0e2€07 =-0+2630
D.09  LPD4 -5.0  3.00 -~ 5.0 165 020629 =0.2793
2499 224 ~5.0 600 5¢0 6267 =0s0464 =0.0405
195 o147 00  5.00 =10.0 e P49 ~NeP164 =041971)
Cea9 o187 =RT745 300 =100 =+010 =-0227] =0.2541
3.00 +225 =5.Q 300 ~5.0 100 -01964 =-0.2182
1297 o142 =927¢5 2.00 =10e0 079 =0¢1813 =~0+163)
3:00  +20% =20.0 3.00 5.0 » 094 00719 0.0964
3:00 0225 =275 6.00 =100 el41  =0e4Ba0 -0+5066
1499 149 =100 3.00 =150 ¢ 137 =0.23565 =~0.2343
e a8 W 1RE 0+0 3.00 =540 «132  =0+1512 -0+1544
2+53 <190 5S¢0 B«0D0 =10+0 «273 -0+3700 =-0+3799
2.04 153 =100 3400 =10+0 «092 =0e15406 =0+1632
.01 o206 -5.0  5.00 =20+0 «242 =0 T6%6 =0.T866
301 226 =5.0 3.00 5.0 086 -0.1782 <-0+20064
3407 230 =10+0  6+00 ~5.0 166 =0.2789 -0.2945
2e57 <193 5.0  5.00 0.0 v 129 -Q.0436 -0+0370
2¢57 4193 =10+0 6400 0«0 067 =0+0229 =0.0285
2407  +155 =275 2400 =200 =+018 =02878 =0.3025
D400 o150 5.0  6.00 0.0 +257 =~0.0927 "=0.0877
214 16D =15.0 3.00 5.0 « 120 0+1204 D« 0665 |
2e51  opars NeQd  ReQ0 =-20+0 ¢339 -~0N«6315 =0.6390 !
Pe51 4189 <150 €00 =15.0 +062 -=0+3413 =0.3742 b
2451 18K 500  6.00 =-10.0 ¢ 280 =0.3621 =0.3554 P
3:00 024 =S5.0 3.00 5.0 094 =0e¢1813 =0+2118 i
3400 225 =15.0 5.00 0«0 ¢ 257 -0+1982 =-0.2007 ;
2+51  JlHE =20.0  7.00 0.0 «301 -0+2111 <~0.212" ?
Re9Y9 204 0eD  5.00 ~5.0 103 -0«1849 -0.1981 ;
.99 00y =5:0 5.00 =150 <183 -0.5575 -0.5820, ,
2«02  .151 0.0 5.00 5.0 «3722 =1.0166 =0+1020 ‘
PeS1  «1RX  =10+0 G000 =150 «234 -0e4983 -0.4353 :
3+00 205 ~10.0 2.00 50 107 00847 00901 .
300 4225 =25:0 5.00 =100 ¢151 =0.4637 =0.24827 ;
.98 P20 -5.0 3.00 -5.0 + 103 ~0«1896 =0+2166 Z
Ped9 o186 =10+.0  4.00 00 «251 -0.1329 =0.1223 :
2098 #2024 =100 600 -5.0 e 170 =0+2767T =0.2854 7
Ped9 o 1R7 S:0  Ge00 =~10.0 «330  ~0«4087 =0.4205 o
2.97 +223 =025.0 (.00 ~540 +212 =0+3433 -0.3710 :
2¢48 «l1¥E -@5:0 5.00 =20+0 104 -=0+5112 =0.5209 oo
o
MEAN ERRQOR= -0.0129 ]
STANDARD DEVIATIUN= 01385 -‘g
A3 VIE
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R

N

6
1
8

9
10
11
12
13
24
34
36
37
40
I3}
42
43
a4
45
46
47
4%
Q9
50
51
52
53
54
55
56
57
58
59
60
€1
62
63
Ga
65
66
&7
68
69
70
71
72
73
T4

PoaAn e it T L ota

cvV
100
Ao 00
4400
4400
e N
A 0D
4.00
/!ooo
rYalal
1[0{,)0
A«00
4. 00
S5.00
.00
.00
400
300
ae00
2400
5.00
200
3.00
He Q0
A« 00
600
2 O
300
4400
4. 00
.00
500
2.00
A4 00
3.00
400
400
4.00
3.00
500
300
4.00
3.00
6.00
J.00
6600
G O
4 Q0
200
4. N0

W
<000
<000
e 00
«00ON
« Q00
« QN
« 000
« 000
Q0N
000
QOO0
« 000
Q00
« 000
000
Q00
« 000
«00Q0
« Q00
« Q0N
<000
Q00
« Q00
+ 000
« 000N
<000
SIALY
<000
00N
000
« 000
<000
« NOO
« 100
«0N0
« 000
«000
<000
« 000
« 000
« Q0
DO
« 000
+ 000
« 000
« 000
« Q00
OO0
« 000

TABLE A-13

MEASUREL AxD FITTED VERTICAL FORCE

PHI THETA

2ol
de G
Te0
97
122
‘I-’.
0«0
D«0
0.0
o

-~

0
L ]
w

| I
® & o e ® o o o e ¢ e =

—

L ] L] [ ]
AOANAN— = ALCODOYLD—1n"

-
t

VIOV QU URROL U 2NOUW V0D

2«00
250
De 60
2«50
2. 40
7. 50
2e¢ 060
2. &0
2e¢ 60
2+ 60
2+ 60
2«80
2. 40
5. 50
44 50
4« 50
4 50
4 50
44 50
4 50
e 50
3¢50
2+ 50
6¢ 50
2+ 40
5+ 60
5. 50
250
3¢ 50
S« 50
6+ 50
4e 6O
2«50
Ge 50
3« 60
34 60
3«50
2+ 50
2450
2+ 60
2+ 60
6+ 60
Ge 60
5. 70
6+ 60
570
5. 60
5. 60
S5« 60
3+ 60

hhadianid 2t tanhe o0t

RETA=10.DEG

PSI ZT  MEASURED  FITTED

0e0 4043 =0+1521 =0.1724

0.0 <035 =0.1521 =0.1297,

0¢0  «139 =0¢1521 =0.91527%

0+0 4020 =0+1521 =0+1062

0N 2011 =-0+1521 =0e1119

5.0  +028 =0.1521 =0.0930
“5¢0 <046 =0e1521 =0e1871

5¢0  +046 =0.1521 =0.1892

10:0  +048 =0.152]1 =0.2034 4
1560 <047 -0415P1 =02069 1
20.0 046 =0+1521 =0.1956

0.0  +039 =0.1521 =0.1726

5.0  +07€ =-0.6085 -0.5349
5.0 «287 -0.9127 =0.9485
2040  +0S58 -0.3042 =0.3605
PO.O  .007 -0.3042 =-0.3279,

2040 «031 =0.0761 =0.2147F
200 +079  -0.3042 -0.3429
20.0 c056 =0.0761 =0 9au2,
2940 +019 =0+.07€61 =0.3751
R0.0 + +124 -0+60K5 -0s5609
0.0 +110 ~0.3042 =0.7646,
20.0 042 -0.0761 =0 ?817
2040 11l =0.0761 -141093" o
20.0 s 034 -0+ 6085 -0 6béO i
20.0 eR43  ~0.91027 -2.0319 !
20.0 059 =0.3042 =0.2657 .
20.0 056 =0+3042 ~0+4423 o
20,0 «112 =0.9127 -0+K3806, !
20.0 «033 -0+.0761 =06194% :
10.0 Q45 =0« 6085 -0.6017

s et 4 il e~

10.0 <030 =-0.0761 -0.2011%

10.0 036 =041521 =-0e1717

1060 =~¢005 =0.0761 =0+1050 .

5.0 04D ~0+1521 -0.1997 !

5.0 «029 =0.0761 =0.1146 :

50  «043 ~0.3042 -0.2543 o

5¢0 +054 =0.1. i ~0e 1629 :

5.0 <035 -O-IJ -Cs1272

5.0 «013 -0-0161 -0+0924

5.0 <039 -0.1521 -0.1822,

5.0 028 =0+1521 =0 ?639

5.0 «020 =0.0761 -0-1998

5¢0 =.006 =0.0761 0+0596" i

5.0 P240 S1.2169  =1e1211 g

5.0 016 =0.0761 0.0219" :

5.0 0012 "0-07(’1 '0‘0590 H

5.0  +102 =1.2169 -1.2807 ]

S¢0 060 -0e1521 =0.22028 L

5.0 «041 =0.1521 =0.2069 3
A32 A
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'ABLE A-13 (cont'd)

MEASURED AND FITTED VERTICAL FORCE
BETA=10+.DEG

3
' RUN  CV % PHI THETA PSI 7T MEASURED  FITTED
76 5eN0L000  Pud Se€0 0.0 026 -=0.0761 -0, ong*
J 77 2.00 000 449 5470 0e0 ¢329  =142169 ~1e1777
. 7% Ge NN « D00 Te b5 5.70 0.0 «015 0.1 50 ~0+.0632
: 79 3400 L0000 1244 S.60 el w112 =046085 =0.6850
‘ 80 3:00 000 124  S.60 0s0  +247 =1.2169 =].1580
. ] 4400 <000 1264 4460 0«0 117 =0+9127 -1.0549
b ¥2  4.00 000 459 6 60 0e0  «099 =1.2169 =-1.0982
1 B3 3.00 +000  =5.1  6.60 0.0 +049 -0.3042 =-0.3249,
84 3.00 000 Pea 2460 0¢0  «044 =0.0761 =0.13157 !
f 85 4400 . 000 Ted 2460 =5.0 4026 -0.152) -0.0909 E
87 2.00 .000 499 2460 =5.0  +13%5 -0.3042 -0.3534 3
E 88  4.00 L0000 R TR B IR A =5.0 061 -0+3042 =-0.2965
; £9 2.00 000 74 5470 =5.0 <285 =0.9127 =0+9092
5 90  6+00  +000 Te5 €470 =5.0  +014 -0.1521 -0.0423" -
\ 91 2.00 .00) 0«0 4060 =5.0 <119 =0.s3042 -0.3277 ,
; 92 S.00  .000 0«0 3060 =50  +037 -041521 =-0.1947 :
; 9L 6400 400D 29 3450 =50  «110 =1+2169 -1.3096 :
; 94 Ga000 L QQD 9+9 440 =5+0 078 -1.2169 =1+1530 .
g 95 £.00 4000 1040 5460  =5.0  .002 -0.0761 0.]269" o
F 97  4.00 00N 29 5460 =5.0  .037 -0.3042 -0.3031 i
] 98  5.00 <000 P¢9 5450 =5.0 ..097 -1.2169 -1.2413 4
99 300 000 Ol (e 6D -5.0 142 =049127 =0.9573 ]
100 4400  +000 429 6460 =5.0  .034 -0.3042 -0.259)
101 4.00  L0nO Ped 3450 50 +039 -0.1521 -0.1892
102 6.00 .000 9.9 250 0+0  +105 =-1:2169 ~1.1994
103 3.00 <000 =541 2450  10+0  +122 -0.3042 -0.4216

105 5.00 000 10«0 3«50 100 +013 =-0+3042 =-0.1672 b
106  4.00 000 S5¢0 d«H0 10+0 +045 =043042 -0.2990 :
107 3«00 000 Te st 6450 10.0 158 =1e2169 -1.2653 B
OB 4.n0  .0Q0 125 64 €0 100 =006 =-0+15%21 =-0.108Y
109 2.00 .000 =5 6e GO 10.0 <057  -041521  -0.138]
110 3.00 000 o4 6450 10.0 «077 =0.0085 =0+.5676

R Sy S N PSP R T PRy

111 300 «000 =5¢1 5460 10.0 c135 -0.6085 ~0.6057
| P12 3.00 2000 12.5 5.60  10.0  +006 =0+1.21 -0.8040
113 4.00 .000 244 3.60 540 «038 =0+1521 =0.1846
114 4.00 000 0.0 3+50 15.0 *042  =0.1521 -0.1935
, 11S  4.00 000 125 3.60 15.0 «001  =0+0761 =0.1405
i 116 3.00 .000 Ted 2460 150 * 139 =049127 =0.81066
117 4.00 000 Teh D50 15.0 +030 =0+150 -0«1894
i 118 3.00 .000 5¢0 2450 15:0 <067 -0.3042 -0.2685
' 119 3.00 .00n0 2e4  2.50 15¢0 +057 -0.1521 =-0.1890
120 6400  +000 el 2430 150 «069 =~0.9127 -=3.7840 5
121 2.00  .000 0«0 246D 15.0 c172  -0.9127 -0.8713 Y
126 6£400 « Q00 ¢ 9 2+ 50 20«0 065 09127 -0+9859
127  4.00  .000 5S¢0 2060 2000 137 -1.2169 -1.126]
129 6.00  .000 12:5 S5.50  20.0 «022 =142169 ~=1.1835
129 2.00 .o00n 12¢5 6460 0s0 <057 =-0e¢15%521 =-0.1555
130 5.00 .000 6o 6 kokkok 7e5 =e1Fl  =0+1521 =0.1323
131 6400 +000  =5.0 6. 70 0.0 «022 ~0+1521 -0.2279
132 3.00 .000 9.9 3460 0.0 <148 =0.6085 ~0. 6831

A33
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R=1851
IABLE A=13 (cont'd)

MEASURED AND FITTED VERTICAL FORCE
BETA=10.DEG

RUN  CV b PHI THETA PSI 7T  MEASURED FITTED
f’ l 133 4400 Q00 Te 4 3. 60 5¢0 o145 -1.21¢9 ~1e1174
o 134 3.00 +000 9.9  3.70 5S¢0 e224 ~1.2169 =-1.2959
i 135 4,00 000 el 3.060 S« 0 «040 -01521 =0+197%
; 138 4.00 000 5.0 5.¢0 20.0 e 221 -0.9127 =1.0321
. 139 4,00 « 000 ~5.1 3¢ 60 S¢0 «Q 44 03042 ~0«20%7
? 1 1497 049 0«0 3.00 0.0 «057 -0+1521 =-0.1395
g 2 1.9% 050 00 3.00 040 <058 ~0+1521 -0e1392
: 3 23415 .079 0«0  3.00 0.0 *029  -0.1521 -0.0806,
! 4 4.D1 100 0.0 3.00 0.0 <022 =0+1521 -0.0419"
; 6 5.30 +133 0.0 3.00 0.0 «N33 =0+1521 =0.2045
. @ Ce0N 4150 0«0 3.00 0.0 «032  =0.1521 =0.2067 i
: W0 3401 075 =245 3.00 0e0 <042 =-041521 =-0.1336 ]
; 9 312  L0T7H 5 0 3.00 0.0 «Q038 -0.1521 -0.0934 :
- 11 3.02 076  =5.0 3.00 0+0 <037 -0+1521 =0.1319 :
| 12 2.95 074  =7.5 3.00 0.0 «033 -C¢1521 =0.12&3 ,
; 13 2¢9¢  +075 =10.0 3.00 040 «032 -Q.1521 =0.1430 o
; 14 2.96 4074 =12.5 3.00 0.0 c026 ~=0+1521 =0.1374 ;
5 15 2.95 .074 0¢0 2.00 0«0 064 =-0.1521 =0.1765 ]
E 16 2.99 Q7S5 0¢0 4400 0.0 c047 =0e1521 =0+1637 1
; 19 2.72 06 0.0  5.00 N+ 0 c04M1 =0.1521 =041690 1
| T 24068 L0 NDe)  HeQO NN . «0 4y “Ne] 50} -, 1 €Y §
A I I A T Ded Ee 0N 0e 0 D23 =0e1521 -061767 ‘13
i e e PN A D B RN ) =T 5 €00 0.0 s QY =0e3042 -0.26064 i
: 23 Pus L074 Ce 3eDD 00  +025 -0.07¢1 =-0.0742 1K
24 9.97 Q2 Q«N 3400 0.0 072 =030 42  -0.2340 I ‘
D5 Dyl 0D 0.0 3.00 0«0 c151  ~0«6085 -0+5795 1K
D6 Qedat 0OFT 0sN 300 0.0 «103 =0+C085 =0+45135 ' §
27 D9L W07 4 0.0 23.00 0.0 $127 =0 6085 =De53L9 R
- PE 2093 w073 e 3200 0.0 4181 ~0.9127 -0.9061, 1
: 30 4e 49 o117 0¢0) 300 0.0 193 =0.9127 =1.41021" e
: 2 5.0 +12¢ NDs0 300 0.0 115 =1e2169 =-1.0676 i‘lj
: 32 .15 .079 0s0 3400  =5.0 <055 =0.1521 -0.1837 B
: 34 3007 WNTT =205 3.00 -5.0 c0S%4  =0.1521  ~0.1962 .
; 35 5.¥¢2  W1ac Ne ) 3400 -5.0 D49 ~N.3042 =0 4H46 j'
. 36 S5¢77 144 =-12.5 6.00 ~5.0 «00H  =0e3042 -0.3548 -
| A7 4.01 o123 500 2400  =5.0 040 =-0.1521 =0.2027% .
¥ 38 2447 072 =100 4:00 =50 157 -0.9127 -0.8747 .%
: 39 5.96 149 =12.5 5.00 =5.0 $045 =1+2169 =1.2137 '
i 46 3400 .05 0s0 200 =100 +135 -0.1521 -0.6051 ?
g 41 09  «1850 =745 5.00 -10n.0 <025 -0.0761 =0.4387, ’
; 42 2495 074 =2:5 2.00 =-10.0 «057 =0.07¢1 ~0+.2155"
43 5021 41230 =50 2.00° =10.0 «022  =0e1521 =Q0.1657
46 3.09 4077 =5.0 2.00 =100 ¢ 092 =0+6085 -0.24691 )
47 3e14 079 -2+5 3.00 =540 2036 =0+1521 =0.1251 :
49, 309 4077 0+0 3.00 =15.0 +041 -0.1521 -0.1101, ,
5 56 5.23 131 =5.0 300 =15.0 NGO ~142169 -0.7704; ?
- 57 5.1y +130 -5.0 2.00 =-15.0  +027 -0.1521 -0.2854, b
G 56 5.12 4128 =125 5.00 =15.0 «027 =1+42169 =0+7543 3
e 59  3.05 076 0e0 2400 =200  «04% =0+1521 =0.1173 %
i‘,}_ 60 4017 o104 =125 HeQO 2040 =007 =0+s07¢61 =0.0382 '
,"“"l ) ‘
?.1' A3l 11
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FATTR S SERTT RS e

T RTINS TATIRALT T LT .

S A

RN
62
65
66
67
69
70
71
72
T4
75
76
17
74
79
20
82
¢3

41 K

H19

420

AR |

470

423

L4 4

425

H02 6

427

42

429

430

431

432

433

43 4

4395

43 6

438

440

441

Q4443

"4 4

445

Q46

448

H4a9

451

4592

455

456

457

v o B s i 4 ad kA e F i

cv

5«18

4o lﬂ
Ge 15
2.11
A.NS
301
3.00
G OH
$.05
6«03
S.05
505
4.02
204
5.33
Je 7
3.0°
185
2906
3.95
5.02
609
376
3+91
3496
403
e
3.99
Ae N2
3.99
Lo 0}
400
He Q01
399
400
He N2
3.97
4.0
He V0
3.98
J.9R
JeOH
3. K
402
a.oa
1%
4.01
Ae 91
hHe Q1)
2.92

W

« 1729
« 100
]l Ha
« 101
«Q75
«075
o« 157
126
+ 151
L4 ]p(l
126
<101
<051
«133
Q097
«Q75
« 069
« 111
o1 4%
o] R¢
« 2PH
o145
el N6
o] a8
« 151
¢ 150
¢« 150
151
« 150
+ 150
« 150
« 150
¢ 150
¢ 151
149
¢ 150
¢ 150
1 4Q
129
149
ol/l()
+ 151
151
00("{:‘.
+ 150
s 1 F1
s 1 H 4
109

A ke il

MEASURED ANY

=125
=125
-12.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
~10.0
-.’).5
e N
=75
"205

3.00
3.00
300
500
R.00
5.00
5.00
3.00
3.00
2.00
3.00
3.00
2«00
3.00
3.00
3.00
34.00
3.00
3.00
3.00
3.00
.00
3.00
3.00
3.00
3.00
300
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
2.00
4400
5.00
G- 00
A4 00
3.00
4400
ll. OO
3.00

R-1851

FABLE A-13 (cont'd)

BETA=10.DEG

PSI
-20.0
-20.0
-20.0
=200
=200

]
) gl
>
o & e @ © & 6 o ® * e s & & o

1
—
-
e ® 5 o & o 2 o @

- D UM UNOODDDDDODDIODDOODO0DDUVIDDUNNUL U VUL
L ]

-

1
w0
.

[
N o -
o uno
» & © v e [ ]
OOODDOOODOCOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOQ

]
N
o o

7 N BN NT Eo Mo e e

A35

7T

NP2
«033
+ 004
046
s 047
076
+03%
.057
« 108
« 047
« 038
+ 031
008
«016
loél
« 09y
+ 038
«060
044
«033
« 025
<0022
«02%
« )45
« 067
117
o 154
<027
« 031
<027
«017
+011
«006
« Q07
« Q02
« 00 4
« (32
«025
«Q36
« 040
«035
«036
« 032
e 025
«Q24
132
«0 43
« 131
«09Y
e ()43

FITTED VERTICAL FURCE

MFEASURED
-0.0761
“0.0761
=0.1521
~0+1521
-0+ 6085
-0.9127
-0.1521
=0.9127
-0.9127
~1.2169
03042
~0s 6085
“0.0761
00761
09127
-0+ 6085
=0« 1521
-0.1521
-0.1521
-0.1521
01521
=0l o1
“0.07061
~0«3042
Qe 6085
09127
12169
-0.1521
=0.1521
-0.1521
~0.1521
-~0«1521
=0.1521
-0.1521
-0.1521
=0.1521
~0.1521
~0.1521
-0«1521
~0+1521
~0.1521
~0.1521
-0.1521
-0.1521
=-0.3042
=0.3042
“0. 6085
=12169
-0+152}

FITTED
-0.0894,
-0e1922
-0- 1 699
~0.2124
-0.4595
-0e 4519
-0.1043
-0.7913,
-1.2249,
-0.8320"
02641
-0+5108,
0.0150
041169,
-0. 60307
-0. €015
-0.1303
-0.1298
~0.1144
-0+1405
-0+.2009
~0.2924%
-0s0961
~0.2287

0. 4074

=0.8£310
-1.1262
“0.0892
-0.1632
~0e«1662
01402
-0«1606
~D.20%1
-0.2000
-0.1386
~0«1146
“0.1410
-0.1570
“Ne 1604
'0.1780
~0.12¥1
“0e1555
~0.1767
“De«1573
-0.1847
“0«1624
-0.2620
‘]00976*
~1.2696
~0+1391




PUN
A9
459
1|(~.0
463
465
Il(\f\
H67
A('\g
470
471
473
475
476
493
43 4
485
ngq
4Rg
N3 9
790
491
499
A9 4
49 6
499
500
502
503
505
SNo6
507
Sng
512
513
S14
795
796
797
79¢
799
7200
801
#02
#03
04
#0095
806
®o7
#og
#09

cv
400
5.0¢
50()]
fe (AP
597
£.97
4 OO0
5:09
301
2e90
e QK
he 97
4497
1'95:\'
2.91
3.01
3. 93
J«00
413
6eDR
4,10
4e Q4
de1 g
6o Q7
6405
4o Q¢
3.09
.10
3.03
d.02
3.01
299
201
5¢15
510
.00
2.99
301
3.00

301

300
3.00
2.99
2¢99
2098
2.99
3J+00
3.00
297
3.00

b'!
150
R
o EIK
e 15]
ela )]
e 204
« 150
o 1RO
« 112
112
186
[ ] 1 Ré
.« | R ¢
074
+ 109
« 113
e | 47
« 113
+15%
e 208
+ 154
« 1572
«119
e D051
« 227
153
«116
« 116
. ] l P4
«113
+ 113
112
«075
+ 193
« 191
« 225
204
e DO
e 225
« D
P05
e 225
e 220
e 204
223
« 224
e 2725
e 20
« 2217
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BETA=10.DEG
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5.00
6«00
4400
3+00
3.00
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2.00
3.00
6400
200
600
2.00
300
200
200
3«00
3.00
400
5«00
5«00
600
4400
46 Q0
5. 00
3.00
2400
5¢00
Ge DO
5.00
200
3.00
3«00
3.00
3.00
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.00
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FABLE A-13 (cont'd)

77
+010
<025
+ 045
*110
+ 090
<011
011
« 083
+ 131
0047
« 024
08¢
- (031
ol 6LE
«0R9
+ 133
<097
«N43
112
« 08
«+075
<028
+ 140
0074
« 001
+015

<105
«+ 053

o161
nO(l]

092
*104
+ 220
UOIIP,

016
+ 055
047
+ 056
+ 051
« 046
« 039
+ 033
«054

« 068

072

« Q1S
s Q€9
c 067
+ 05H
+ 053

MEASURED ,
-0.0063%
“D.2g59"
08653,
=0 9412

-0.9127
~0. 6085
“1.2169
“0+5696,
-0.0215"
“0.9127
=0+ 6085

-1.1197
-0.2594
-0+ 6349
-0.3304,
-0. 6960
~0.9377

~(e €0ES
~0.3042
=0.9127
=0.9127

~0.9127
~0.9127
~0.9127

'008508.’.\_
=1e3747,

~0.9127
12169 -1.1946

'000737

=0 6085
~0«3042
~0.9127

=0+5906
~0.2192
~0.8546

~Q+ 3042
09127
“0¢9127
= 12169

‘00350'/
=0« 6363

-0.8918
~0.0667
~0¢11063
~0.0081%

~0.1756

~0.0936
“0.1896
=0+2074
=0+2177
=0+¢1677
~0¢169%
“0s¢1645
~0+2004
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&30
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e32
©“33
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¢35
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#39
|00
241
& ap
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g a6
©a7
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409
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5]
852
53
#5859
B56
#2157
@5«
759
261
g6
263

2.00
2.99
2.53
Pe54
Ne7
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R=1851
rapLE A-13 (cont'd)

MEASURED AND FITTED VERTLICAL FURCE
BETA=10,DEG

y! PHI THETA PS1 ZT MEASURED FITTED
Po4 0.0 €&.00 c.0 +056 -0+152] -0.2823
Pab 0.0 3.00 00 +051 ~0e07€1 -Q+0969
225 0.0 3.00 Q.0 + 082 -0.3042 =0.2675
205 0«0 3.00 0.0 + 130 =0 e GOES =N 6012
151 Qe 3.00 0.0 c 104 =0e1521 =0s]621
11§ -2¢5 3.00 0.0 «069  -0.152] ~0.1206
2o Nel (D0 =20.0 fE6 =0e076€1 =0.10¢2
N 5.0 .00 -5.0 o175 =0.9127 =1.0134
P2 2.5  C.00 5.0 211 =1e21469 =1.2805
150 S0 4400 =100 e 205 =06 COBL  ~N.F200
R O S Ee - IRC TN A I N A eNV1 4 =G0 =06} 11202
SN el JeniN -5.n d0ChH  -Ne Y5 - 2304
1 Lo ~17«5 KENAIR ~10.0 03 =N e 3NY N1 “NePEGS
199 =N e He D 111 “NeANLD =N.3078
150 5.0 300 ~15.0 c 11 ~0e3042  ~0e34C4
IR0 =10¢b 600 -10.0 e 1YD 162169 -=lelbd
Pité =12e5 5400 5.0 e 281 “1.21¢9 ~1.1153
D204 N« 3.00 -5.0 Q034 03042 =-0.2833
1 249 Sel o0 =100 28T ~0e9127 ~0e855H2

150 =50 300 =10.0 eQT76 040761 ~0e1593
187 =~DeH 5.00 =200 . 24y =1+2169 =1.0507
AR ~P2e5 3400 =5.0 +065 -~0.1501 -~D.2206)
147 =50 6400 =50 v 263 09127 =1.065%
Dy 5.0  5.00 0«0 <063 -=Q+3042 =0.2534
noP TR Ge 00 « 034 =0.0761 =-0.0694
147 =125 3.00 eN19  =00761 =0e1] 695
155 5.0  4.00 192 =0 60HS  -0.6812

1

e

* -
-
—

e 153 7«5 3.00 . ¢ORK  =0e1521 =0.0821
223 N3 5.00 e219 =12169 =11895

]
t — — N

oA =74 Ge NN
noa 560  €.00
PG “Pebh 3. 00
190 =75 5.00

«031 =0D.07G¢1 =0.03%5
o174 =0.9127 =0.8568
¢+053 -0.1521 ~0+1583
¢« 42 12169 =1.1937
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0

0

0

0

0

0

0
«22¢ =10.0  S5.00 0 «204 =1e2169 =1.2913
191 N0 5.00 ~5.0 s Q046 =0.1521 =0.0¢67
191 “Pe5 400 =15.0 s 1RO =069127 =~0.9114
o 15¢ D0 5.00 « 0 e 038 ~0e0761 =~0.0709
« 190 560 640D =200 «212 ~0+6085 =0.5490
e 154 =5.0 K.00 =-15.0 e 28 =1e21069 ~1.1789
« D0 =S« 2.00 « 074 =0e3042 ~0.2716
« 190 =105  4eDD =100 e 1R2  =1e2169Y =~1.2037
e =2¢H5 300 =50 s 049 =001521 ~0.1381
« 224 “5.N  4.00 0 o157 ~069127 =~0.8977
<190 -5.0 6400 -5.0 « 169  =0e9127 =08704
+ 190 =12.5 4.00 =5.0 «209 =12169 =~1.2790
ethe! “12P+5 5000 =200 « 057 "00(}197 -0« 4631
« 225 “5:0 4,00 -5.0 «0C6 ~0+0761 =0.0419

MEAN FRRYR= 0.0022
STANDARD DEVIATIUN= 0.0944
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157
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1
162
165
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167
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169
170
171
172
174
175
1845
136
14647
149
191
192
193
124
195
196
197
1 9
199
200
M
o202
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PO 4
205
206
onT
20¢
210
211
P12
213
214
215

cvV
A 00
3«00
6o 00
4e00
e ()0
©.00
A 00
A6 00
3.00
A-ﬂ,()
/e YD
Ae DO
DN
Ge N
3.0(‘
3.00
2.00
SN
A0
3. 00
600
4400
2000
4000
3.00
S.00
4400
A Q00
d.00
3.00
3.00
Ge 00
GO
G4 QD
2.00
2,00
Lo OO
SenN0)
5.00
S5.0n
3.00
4400
s Q0
Ge(OD
500
400
2.00
400
P00
600

Q]
s O00
«QONO
s QN0
. D()O
« Q00
«QQ0
ATAIG
« 0Q0
Nala
000
YN
OO
« NN
<000
« 3NN
« N
« 000
« 00N
« 000
<000
QOO0
« QNG
s QNN
« 000
s 000
« Q00
«O00
<000
« Q00
« 000
« NN
« 000
[ ] Oon
« Q00
« 000
<000
« 000
« Q00
000N
« 00
QOOO
«+ 000
« 000
+ Q00
« 000
000
« 000
+ 000
Q00
« 000

R=1851

TABLE A-14

MEASURED AND FITTED VERTICAL FURCE

PHI THETA

5.0
de 7
14« &
e ¥
5.0
“Q1
9t
]/.'o ’/

3. 60
P+ 60
3.00
3+ G0
3. 60
3+ €0
3« 60
3¢ 60
3 6O
3 GO
He (0
Ha 60
5. 60N
5. C‘O
5). (0
5. €0
6o €0
6 6O
G ¢0
Ge €0
(‘. (~O
3« ¢O
3. 6O
3. 60
3¢ A0
2. 50
e 60
3. 60
3.70
3e 60O
1. 60
5S¢ 60
5. 60
S5¢ G0
S¢ 60
5. 60
Se¢ 60
Ge £O
6o GO
Ge 6O
6¢ 60
3« €0
3. 60
3. 60
D¢ 50
2 60
2« 60
2 €0
de {30
4o 60

) DD 20D DD
[ 4 ! TN OO0 DODDOD =
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-5.0
=50
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-5,0

A38
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BETA=15.DEG

7T
+ 050
+ 053
149
+» D50
+ 050
«114
<035
s01 4
169
-«00%
« 155
o« 167
« 317
029
o101
e 2H0O
Q06T
« Q30
o1 477
«OB2
T e 039
« 061
e NV 4G
« 05
119
« 063
1773
e 177
¢ 250
<017
+ 048
« 015
«N26
~«016
« 101
« 257
+ 139
+010
«N36
« 037
.2’/9
« 055
« 063
+ 155
«103
<094
e 162
OOAS
« 170
e 126

[ W TR TV T 0 VU Y AP

MEASURED
=0.+152]1
~0+0761
“1e2169
-0«1521
~0.1521
=0«157]
-001591
=0 159521
=0 GO O
01521
~(1e 9127
'0-9]97
=12149
“0015?1
=0« ORBS
=1.2169
=0.1521
-0.1521
=1¢2169
Q3N 4R
=0. 15021
061521
'()0076‘
=N. 1521
~0«3042
~0.1521
12169
=1.21¢9
=1+2169
-0.0761
~0«0761
~Q0.07061
‘(3007()1
00761
-0.1521
=0 60?\5
-1+2169
’000761
=0+1521
-0+1521
=1.2169
-0.1521
-Q0.1521
-1.216%
-0 60B5S
-0.+3042
-0.3042
=0e152%
-N«3042
~12169

FITTED
-0+1654
-0.0533
=1.0412
-0+«1363
=0«1395
~0+2003
“0-0778*
~0+0469
=0 7024
=0s13C7
-1.0:73
-1.0360
~1e217R
=0.05%1
-n.9639*
~1+1134
-0«7129
~0+1420
-1+1247
03460
~0.1301,,
=0.2572,,
~0.1339
=02420
-0-3721*
=0«2550
~1+1517
=11 703
-1+3105
-0o1926*
-Oo3157*
-0-2409*
~0.09064

Ne 4122
=0.1728
-0« 709 6
-1-3202:
~0«0399¢
-0.2313
~0«2419
-1 -?1 ']8
-0.2038
~0+2269
~0«8961
-0 6348
-0+ 3575
=0+ 4229 |
-0.0227"
“De 126
=0+9500
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PUN
216
216
219
220
221

2202
o023
224

225

226
227
2K
231
232
223
234
235

" 23R

239
2 a0
24
Pun
N4a3
244
245
246
247
2 ag
049
250
251
252
253
254
255
256
57
258
o060
2€é]
262
263
2¢4
265
266
267
263
270
271
275

cv
5.00
3.00
de (XD
GeNQ
60N
e
3«00
4e 00
200
.00
5400
3.00
3.00
5.00
200
400
5.00
300
e Q0
5.00
300
2200
4400
3.00
3.00
S¢Q0
3.00
5«00
Ge Q0
5.00
2.00
Ge 0D
3«00
400
6. Q0
3.00
S.00
3.00
400
Zis Q0
3«00
Ge OO0
4400
600
4e NN
300
300
6«00
6.0Q
400

W
« 000
+ Q00
+ 000
OO0
+ 000
« QOND
« Q00
<000
« 000
+ Q00
+CQOO0
« 000
« Q00
« 000
Q00
000
« 000
« 000
Q00
+0NQ
« Q00
RRIATY
« 100
« 000
« 000
000
« 0N
« 000
« 000
+ 000
<000
« Q00
« 000
« Q00
«N0O0
+ 000
« 000
« 000
<000
+ 000
« 000
« Q00
« Q00
«+ 000
« Q00
« Q00
+ 000
+ 000
« 00
«+ 000

R-1851

TABLE A-14 (cont'd)

MEASURED ANI* FITTED VERTICAL FURCE
BETA=15.DEG

PHI THETA PS1 7T MEASURED
14¢7 5450 -5.0 150 -1.2169
9.7 5. 60O -5.0 +242 -0.9127
97 5460 -5.0 +045 -0.3042
14+ Se 60 =50 +007 =0.07¢)
148 64 60 =5.0 +005 -0.1521
91 Ge &0 -5.0 1044 -0.3042
197 6o 60 1060 =+009 =0.076])
19«7 6.60 100 =¢014 =-0.152)
=5¢3 6.60 10+0 +104 =-Q.1521
4e T 6o 60 10.0 117 -0.6085
=0¢3 6450 100 +070 -0.6085
148 64 60 100 «191 =-1.2169
198 4. €0 100 179 =1.2169
147 4450 10.0 +035 ~0.6085
1 4e 7 e 60 100 «037 '000761
4eB  3e 60 5.0 +054 -Q.1521
Ao 350 10.0 + 118 -1+2169
9.7 3.60 10.0 240 =1.2169
9.8 3.60 100 059 -0.3042
.6 350 10.0 « 020 -0.3042
Aot Je €0 100 . +131 =~0.3042
0.3 3.00 10.0 +ND64 =-0.1521
947 P.60 10.0 +050 -~G.1521
197 5.060 10«0 =.003 =-0.1521
4.9 5.50 100 ¢+ IB0  -0.6085

=52  5.50 150 077 =~0.+£085
“0+3 560 15.0 165 =-0.6085
145 5450 15.0 +C29 -0.6085
147 5460 15.0 +016 =0.3042
=03 5.50 15.0 044 -0.1521
Ae T be 60 15.0 « 091 =0.152]
3.9 6460 15.0 + 026 -0.1521
197 6 €0 150 +018 =0.3042
=5:3  Ge 6N 150 150 -0.9127
‘503 Yo ()O ]500 067 ‘006085
147 46 60 15.0 +094 -0.6085
P8  4e50 15.0 «077 -0.9127
4o 7 Ae 6O 1540 2266 -142169
=03 4. 60 150 +230 -1.21¢9
0«3 4. €0 150 2049 -0.0761
Gl 4e 60 15.0 «056 ~-0.152)
98 4. 60 15.0 +033 -0.152)
0.3 3.60 15.0 <069 -0.152]
192  3.60 150 =¢009 =-0.0706
9.8 2,60 15«0 +053 -0.1521
Ge D460 150 +095 -0.3042
4077 24(0 15.0 +0B9  =-0.1501
de B 2450 15.0 + 099 -0.9127
Ae 2450 150 097 =-0.9127
P8 2.50 15.0 117 -0.9127

A39

 “0+268]

FITTED . i
"101467 !
'00978l*

-0+.3057

~0+.0452

-0.0516

'0- 3371

'Oo 11465

-0+2314

-0.2030

-0+7184

-0+9117

-1 0(4478

~1+3666

"O- 4730

=0+4336

-0.2034

~0+9855

-1.3539

-0+ 4008,

-0.0295,

=0 5663

~0+2455
~0+2167
-0.5165
“0.7786
= l 00970
-003696
=0«501 7
=0+ 7098,
08166, :
=0.29157 |
113"
-0.7924 i
- 13441 1
~1.02557 P
-0.8%11 " é

-1.0843
=144337 B
- 1442060 i
~0+3644 :
-0+ 4326
~0.7247
~042949
0+1500
=0.2585
~0. 4874,
0. 7432
~0+7213
=0 7962
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276
2177
277
279
280
281

232
2g3
86
286
2r7
288
7e9
290
294
295
296
297
298
o8
aoQ

cv
4,00
4,00
3.00
4«00
G Q0
5.00
é.0Q0
400
4 Q0
300
3«00
4.00
2e00
?.00
3.00
3.00
4600
A. nn
A4 00
e OO
5.00
2.35
e 00
3. 68
4¢95
602
2eix?
3«02
3.1
PeR2
4.03
3.03
3612
2.7
e RY
205
3.06
KRN
3.03
301
2¢99
3.02
306
306
e Qa
G QY
Ge05
Ao Q0
5.00
4099

R=1851

"ABLE A-14 (cont'd)

MEASURED ANU FITTED VERTICAL FURCE
BETA=15.DKG

W PHI THETA PSI 7T AEASURED  FITTED

<000 4.8 3460 5¢0  +058 -0.1521 -0.2306

$000  =0.3 3.60  20.0  .068 -0.152] -~0.3050
*000 1447 3450 2040  .049 -0.3042 -0.5633

« 000 40% 3450 2040 133 -0.9127 -=0.9165
<000 48 2050 2040 . 100 =0.9127 -0.¢EB52
<000 Al 2450 2040 . 168 =1.2169 141079
*000 14e7 2050 20.0  .028 -0.6085 -0.1020
+000  14¢7 2450 2040 034 -0.3042 “0.2693
000 1447 2450 2040 4020 ~0+076] =0»134]" 1
+000 9eT 4450 2060  +043 ~0+3042 -0.4359 ¥
+ 000 JeT 4050 2040 075 -~0.3042 ~0.6428
»000  19+% 4450 2040 =-.004 ~0.3042 =0.584)
.+ 000 L4:7 4450 2040  +098 =~0.3042 «0.7574
000 1948 4060 2040 4136 -0.6085 -1.2118 :
«000  -0.3 5450  20.0  .090 =-0.3042 -0.566] | ?
«000  =0e3 5.60 200  «056 =~0.076] -0.4113, o
+000  =Qe3 6460 2040 046 =~0.076] =-1.0028% -
1000 4-7 360 5.0 .059 -0.1521 -0.2408, ° .
« 000 408 1460 5¢0  .082 ~0.1521 =-0.3565 A,
fO00  14eT 1.60 5¢0  +03% ~0.1521 -Q.]1796 18
*000  =0+3 1450 150 ° +051 =0-1521  0.1940 ; g
« 059 0.0  23.00 0«0 069 =0.1521 -0.0751 §?
$073 0«0 3.00 0«0 «060 =~0+1521 =0.0684 o
<097 O«ti  3.00 0.0  +052 =-0.1521 =0.1120 4
12a 0«0 3.00 0«0 +045 =0.1521 =0.1659 I
.« 150 0«0 3.00 0.0 +037 -0.1521 -0.1309, ]
c072 0.0  3.00 0+0 4049 =0.076] =-0.0080" i
<076 0.0 .00 0.0  +081 ~0.3042 =0.1943 A
« Q75 0.0 3.00 0:0  +155 -0.6085 -0.6256 s
«07! 0:0 3.00 0+¢0  +156 -0.9127 -0.5g03% ]
10 0:0 3:00 040 W18l =1.2169 =1.10¢6 Voo
<076 5.0 3.00 0.0  +059 -041521 =0.0850 :
<075 ~%.0 3.00 0.0 2056 =-0.1521 -0.0934 ;
«072  =10.0 3.00 0+0 052 -041521 =0.1587 :
«G72  -15%.0 3.00 0.0 046 -0D.1921 =-0.2833 i
«07¢ -20.0 3.00 0.0  .040 =-0.1521 =0.4637, .
CQ76 0«0 3.00 5¢0 058 =0.1521 =0.0%49% ;
£075 0«0 300 =100  +067 =-0+152] =0.1072 ?
Q7¢ GeC®  3.00 =-15.0 c066 -0.1501 ~0.0880, !
c07Y 0.0 3.00 =200 055 -0.1%01 -0.00u7

075 00 2.00 Qa0 2066 =0e1521 =0u1279

«Q7Y 0¢0  4.00 0.0 063 =0.1521 -0.1223 .
c076 00 5.00 0¢0 <054 =Ds152] =0D.12082 -
s076 0«0 6.00 040 «057 =01521 =0.1643 {
<101 -5.0 3.00 0¢0  «095 -D.60KS =0+ 5043, 1
*152° 715.0  5.00 -10.0  .003 -0.076] -0.3759 )
#1501 =2040 6000  =5.0 ~.01H ~0.3042 002366, j
»100 =200 600 -20.0 -.022 -0.076] -~0.9276
AR Se0 3400 =200 4022 =0.0706] =0.0657 ;i
c 125 Se0 3400 =2040 021 -0.07¢1 =0.0600 .
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cv
AR
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e 1O
Lo
e 7
Se 6
R Q4
Ne0Y
He 7%
3.00
3«02
399
26 A0
66185
Ge 2|
Ge )5
46 33
323
Pel15
2e (4
565
/Io 79,
5.61
de T4
5.91
He 213
GeN 4
3+75
Pe9A
315
5¢11
Pel5
die QY
S.0%
1§42
.27
3.7
de YF
5.97
Qe96
2497
2496
3. 98
(‘.()7
296
Pe96
3.00
2e97
2.0u
2498

hl
AN
AN
LR AR
<119
D07
o} Al
IRORI RS
« 120
« 075
Q76
« 100
« 00O
154
+ 155
+ 154
«110
«0H1
Q54
Q6
1 4]
118
e 145
e 11K
o] 4
« 171
« 151
N0 4
074
0079
« 107
NS4
<1023
107
e D6
« 10%
o145
o 187

D0y

* e »
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R-1851
[ABLE A-14 (cont'd)

MEASURED AN FITTED VERTICAL FURCE
BETA=1S5.DEG

PH1
N EEA
=10en
=10en

Yo (0
=50
=100
-15.0
=10.0

=50

0.0
=50
~5.0

=10+0

50

5.0

-“10.0
=100
=10.0
~10.0
=50
=540
=5.0
5.0
O'O
=5.0
=200
=20.0
=100

=-5.0
=150

=5.0
~15.0
=2N0.0

« o o
)
—

NnNnOODDO0OTD2D2ODWM
DDODDODDDIDODIDODDOO

THETA
Re 0N
(e
3.0
2.00
6. 00
3.00
de Q0
2400
3.0N0
P2+00
6o [Aly)
£«00
Q.00
3.00
3«00

2,00

S« 00
2.00
4e 00
3«00
3«00
2.00
3«00
2.00
3.00
Se00
S.00
500
300
4.00
2.00
3«00
S« 00
4400
3.00
3.00
3.00
3«00
3.00
3. 00
3.00
3.00
300
300
3«00
.00
3.00
300
3.00
3«00

PS1

=~ HeN

L]
SODD0O0D0O

1 ]
—— |
noununPvaD O unwvw
L ] [ ] - - .

]
—

OO TTCODODDOODOODO D

..........I.....I
OODOOOOOOOOOOOOOOOOOOOOOO

7T
<056
« 153
00y
045
NP6
097
+ 093
« 105
+ 032
« (053
« 050
+ 040
XN/ P:]
eNd4
« (V4N
+ 004
<041
« 032
+037
«Qé5

" e073

+ Q52
« Qa0
c 064
Q77
« 045
«020
+013

« 0485

«111
N Y6
« 002
«012
« 071
«112
007(')
« 052
«043
+ 037
« 052
« 104
¢« 154
.]46
« 195
«Q75
« 063
¢ 044
«019
«074

MEASUPED
=i 1 501
~0e3042
=121 69
-1e 1571
“Ne0 761
“0.9127
~0.9127
=e COTS
~0.1521
—0.076]
~0«1521
~0.1521
~0«1521
“1.2169
=1.2169
=0+ 6085
=0+ 6085
=0.9127
~0.1521
=“0«1521
=1+42169
=0.1521
=0+3042
~0e3042
“Qe0127
=0« 6085
“12169
"000761
-0.1521
09127
~0«1521
“0+0761
12169
=0.9127
-0.1521
-0+152]
=0.1521
-0+1521
-0.1521
~0«0761
-0+3042
-0+ 6085
-0.9127
12169
-0«1521
-0.152]
=0+1521
~0.152)
-0.152)
~0.1521

FITTED

S0l L9

0 77
‘O-UAAéh
~1.0053"
0. 7029

-0
“0s

L4270

323937,

5525

‘0009114 .
0.0030

-0

5167

*

~0«8468
“0e. 2377

=0,
0.
0

5571

5427 i
3334
“1.2429,
~0.3970"
-0.2826
-001407
-0. 6427,
-0.1810"
~041969
-0.2700,
~0.6335"
-0.54€3,
-0+3960)
040195,
~0.0745"
-0.93 66

~0.9723"
-0.5230"
01961
=0e¢1545
01331
~0+2110
~0e2509™

=D

0331

=0.3327

=0

6241

“0«8947
-].?_/l] 7
“0e1626
=0+2019
“0.2386
“0.2948

- =0+4394

=0+1433

e Ciaia aMTad .
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B S AR iy

RN
S4a4
545
S4é
Sa7
5 an
549
550
551
552
553
559%
856
55¢%
559
560

561

S 64
566
S 67
Sé6n
569
570
571
572
573
577
579
580
531
53
585
SE6
SR
593
594
595
596
59K
599
€00
601
6N2
603
604
618
¢19
620
62
&6P2
623

cv
P2eOR
2¢99
.97
299
2907
2.98
R.97
3.01
190
403
S« 9K
4¢99
3.99
3«00
600
5.00
601
6401
600
3.98
3.97
299
4497
3:00
595
4097
1.99
2496
6«00
595
6401
De9h
3,91
4403
Pe97
3.01
203
3.01
3«02
.01
507
505
3.05
S¢99
1e92
2¢90
2450

.07

3«06
3:05

225
« 111
o1 a7
« 151
« 111
113
«076
«113
113
«Q7S5
BRIEH
« 129
11 4
« 225
el N4
« 2R 4
1 EQ
« 230
« 230
« 228

R-1851
IABLE A-14 (cont'd)

MEASURED AN!" FITTED VERTICAL FUJRCL
BETA=15.DEG

PHI THETA PS1 ) MEASURED FITTED
0«0 300 =-5.0 ‘07% ~041521 =0.1873
0e0 3400 =10.0 «079 ~Ne1521 =-0+1859
00 3+00 =200 «057 =0+1521 =0.0359"
De0 3+00 =15¢0 084 -041521 =0.1879
0+0 2+00 0.0 f0%0 =0e15%521 =0.2150
0e0  4:00 0e0 - +060 =0+1521 =0+1140
0e0 5400 0.0 c059 -0+1521 =0.1500
0«0 6400 0.0 +055  =041521 -041564
=150 4.00 5.0 136 =0.3042 =0.4200"
-5.0 300 -5.0 1064 -0.3042 -0+3594
5S¢0 4400 =20+0 «064 ~=0+6085 -1.7%04"
-10.0 4.00 5.0 e136 -1¢2169 -1+0934
=150 6400 0.0 «003 ~0¢1521 =-0.1285
=5¢0 3.00 ~5.0 +071 -0+1521 -0.2308,
0s0° 2.00 -5.0 c051 -=0+1521 -=0.3947
-15.0 5+00 040 1065 =0.9127 -0.7889
=200 3.00 5.0 +054 =0.6085 ~-0.4243
0«0 3+00 5.0 086 ~1.2169 =-0.8216"
=200 5:00 =200 =~+008 =1+2169 =-1+7460
=100 6400 00 ‘014 =-0-0761 =-0.0607
S¢e0 4400 =100 * +169 =-0.9127 =0.9982
5.0  3.00 00 c146 =0.06085 =0.6281
5.0  6:00 =20.0 c049 -=0.1521 =2.3951"
=540 3+00  =-5.0 c071 =0.1521 =0.2279
=5.0 2.00 =20.0 082 -1.2169 -0.5268

5.0 3.00 =200 +106 =0:0761 =0+5684"
1500 6400 =50  «1H6 =0+ 60K5 =0+HE93
00 6:00 =20e0 4191 =0.9127 =1+3414
-20.0 2400 00 =006 =0.3042 041773
=15.0 2.00 ~5:0  +050 =0.9127 <-0.5679
=100 3.00  =5.0  +05% =0.9127 =-0.7600
“5¢0  3.00 =5.0 072 ~0e1521 =0.02264
=5:0  3.00  =5.0 4125 =0.9127 =-0.8175
=10+0  6:00 =5:0 4021 =0e0761 =0.2975"
=200 4400 0¢0  +136 =0+6085 <-0.8733
0s0 400 =15¢0 +104 =-0+3042 =-0¢4563
5.0 5.00 5.0 «276 =09.27 =0.£509
~10+0  5:00 =100 +128 =0.9127 =0+9790
=5.0 3:00 =540 073 =0+1521 =-0.2445
1060 6400 =10e0  +254 =0.9127 =-1.1278
=200 5.00 =100  +02¢ =142169 -1+0106
-00s0 2400 =100 =+030 -0.0761  0e3188
=15.0 5.00 “15.0 «036 =Ne 3042 =0 7680
=100 4200 =15.0  +052 ~=1.2169 =1+5670

0.0 3.00 0.0 +093 =0.1521 =0.1479
0.0 3.00 0.0 070 =~=0e1521 =0+1929
0«0 3.00 0.0 +078 =041521 =0.+1500
0«0 3.00 0.0 «0S0 -~0«0761 -0D.0836
0«0 3.00 0.0 +086 =-0.3042 =0.3187
0«0 3.00 0«0 136 -0+6085 =0+6479
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E
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RUN
625
626
6217
6ng
629
630
631
632
633
634
635
636
637
600
639
6 a0
641
642
643
644
645
Ga6
660
661
662
665
66T
GC6R
670
671
672
¢73
64
615
616
674
68
632
683
6115
COG
GRY
(3]
620
691
(o
64
G995
607

6oe

cv
3«01
2499
3.01
3+00
3«01
2+ 98
2.97
296
2497
0.97
297
298
298
2e900
2«47
Qs 47
296
D4 48
197
2«50
199
2.96
2+99
1.99
2499
Pe 5l
3.00
2.00
2400
251
299
199
P+ SN
250
199
1499
251
250
.97
Ne Y
2. 50
D09
2.00
3«00
202
e N
Pe D¢
N
et
Pe00

»

R=1851

'TABLE A-14 (cont'd)

MEASUR’ED AN FITTED VERTICAL FURCE
BIKTA=15.DEG

t
0

6«00 =-10.0 108 =1+2169 =1.6672 R
3.00 -5-0 ¢ 092 -0+3042 =0.2279 ;
6400 =100  +181 =09127 =1.1¥93 b
3.00 =100 066 =0.0761 =0e1749" :
5400 =-20.0 158 ~1.2169 =1.5126 o

T ODOD0O2D2DDODDDDODDDOO0OQO0OCCOODOODDOODDCODODOD DD

PHI THETA PS1 7T  MEASURED FITTED
5¢0 - 3.00 0.0 «061 =0.1521 =0.1228
~5.0 3+00 0.0 c066 =041521 =0.2366
=100 3.00 0.0 ¢049 =0e1521 =0.2512
-15.0 3.00 0.0 «028 =0+1521 =0.3084
-20.0 3.00 0.0 +003 =0¢1521 =0.4517
0 3.00 540 +063 =0+1521 =0e1186
0 3+00 -5.0 Q70 041521 =0.2077
Qs 3.00 =100 071 =0+1521 =-0.2079
Q. 3.00 -15.0 072 ~0.1521 =-0.2039
0. 3.00 =20.0 «053 ~041521 =0.0966
0 2.00 0«0 <062 =0.1521 =0.1533
0 4400 0«0 «N60 =0+1521 =0.1664
0 5400 0«0 «053 =0.1521 =0+1692
0 6+00 0.0 «048  -0+1521 =0.1593,
e 600 =20.0 <058 -0+.0761 =0.6378"
Se 6+ 00 =5.0 ¢232 =0.9127 -0+9926
-5 3.00 ~5.0 «108  ~0+6085 -0.549]
-5 6400 560 275 =1.2169 -1.1628
0. 4400 =10+0 +206 =0+ 6085 =0.6314,
-20. 3:00 =10+0 =+010 =0+0761 =-0.6343
=20, 3400 =100 069 -0.3042 =-0+8895 ‘
-5 3.00 -5.0 s061  -~041521 =0e2427 :;
~15. 3.0N0 5e0 «071  =0+3042 =-0+4153 1
- 5. 3.00 =150 «106 =0+3042 =-0.3325 b
0
n
5
5
5
5S¢0 5.00 00 4043 =0e1521 =-0.0361%
-5 3.00 ~5.0 «056 =0+1521 =0.2196 ;
-5 ¢« 00 -5.0 e 255 =N.9127 -0.9978 ]
S 5.00 0.0 «091 =0.3042 =-0.2766, !
=5.0  6:00 0.0  +037 =0+0761 =0.0440 .
-20. 3:00 =20+0 =-.023 =0.0761 =0.8780" §
-10. 3.00 540 «079 -0.1521 =-0.2304, .
-10. 6:00 =150 <034 =0.0761 =0.062517 v
Se GO0 =100 « 256 “Qe9127 -l-(H‘)Q._ :
-9 3.00 5.0 fO75 =0e152Y  -0.3377 '
-15. 6+ 00 0«0 $229  =1.21¢9 ~1.5333
-15. ®s 00 N0 ¢ 279 =142169 -144095
Qe 500 =1540 c1HBS =0e9127 -1.2696
Ve () S« Q0 5.0 « 077 ~0«0761 “0+0643
5000 6+00 =200 «124  =0.6085 -1.2.99
“5e0  HeDD =150 R PANEE Y B N A B B E R 1
100 2400 5¢0 086 ~0e3042  =0.3370 1
=200 AN =100 124 =147169 =1sa56) ]
-5ell 3.00 -5.0 «0713 =0« 1521 '003?36‘ i
=10.0 Ce (V0 e D 204 “Ne127 =1«12¢0 1
10«0 HeDO -5.0 134 =D9IDT  -1.152] 1
AL3 1
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R-1851

PABLE A-14 (cont'd)

MEASURED AN FITTED VIERTICAL FURGE
BETA=15.DEG

W PHI THETA PSI 77 VIEASURED  FITTED
.0ng 9.0 BeD0 =1040 .PP2 -1.0149

~1e €539
2285 =20.0 4400 =5.0 s 177 ~1eP169 =“1«52064

186 =2040  5.00 -20.0 087 =0.9127 -1.5807

MEAN ERRUR= 04721
STANDARD DEVIATIUN= 01493

ALl




3

] &

e

RUN
316
317
318
326
328
329
330
331

332
337
340
342
344
345
349
351

353
354
355
356
357
358
359
362
364
365
366
368
369
370
371

374
375
376
377
378
379
380
381

382
383
385
387
388
389
395
396
397
398
599

mcwm e

cv
4.00
4+ 00
400
400
400
4.00
400
400
300
4.00
300
6+00
3«00
3.00
5.00
600
200
3.00
4.00
3.00
4.00
400
400
4.00
3.00
5.00
6+00
a. 00
200
4.00
5.00
5.00
5.00
4.00
4.00
4.00
4.00
300
300
S.00
3.00
5.00
600
3.00
S.00
4.00
4. 00
4.00
300
4.00

PrYse

W
000
<000
+ 000
«000
+000
+000
000
+000
«000
<000
<000
+000
«000
000
«000
«000
«000
«000
+000
<000
«000
000
+000
000
<000
<000
«000
<000
000
+000
«000
« 600
«000
+000
«000
«000
+000
+000
<000
<000
+000
<000
+000
000
«000
+000
«000
« 000
+000
«000

ok sindhli

MEASURED AND FITTED VERTICAL F@RCE

PHI THETA
4.8 3«70
A7 370
deT 3660
4.7 3. 60
9.7 3.70
14¢7 3.70
19.8 3. 60
272 3«60
197 3.6C
273 4. 70
4eT 2460
19.8 370
273 5. 70
273 S« 60
448 S5e 60
5.3 6« 70
272 6. 70
-5.3 6+ 60
9.8 6«70
0.3 6. 70
9«7 6470
9.7 6. 70
9.7 6.70
9.7 S« 60
147 S« 70
19.8 S5¢ 60
19.8 4¢ 70
9.7 2+ 60
9.7 2+ 60
14«7 2+60
4¢7 2460
-0.3 3« 60
-0+3 3¢ 60
-0«3 3.70
4¢7 360
38 3. 60
=0.3 3. 60
=5¢3 3.60
0«3 2.60
4.7 2.60
197 2¢60
14.8 2. 60
4.8 2. 60
=5.2 6 70
9.7 6+ 60
274 5.60
4.8 3. 60
=0e2 360
=5¢3 360
9.8 3«60

R=1851

TABLE A-15

BETA=20.DEG

PSI
5.0

TRl keRe XN NoloReNeRoloNojo oo oo NN
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[ d
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-

A-45

ZT
086
+088
+ 131
116
«+070
«047
« 025
+006
«191
«179
«098
1 4]
+ 281
+173
+053
«051
068
110
«186
«236

e 069

« 060
«061
« 065
«266
« 170
«132
«109
«172
« 045
« 145
<069
<067
«087
«081
+ 064
« 084
148
117
«Q76
«028
153
e 151
«310
« 040
«176
«081
«084
«146
<087

MEASURED

=0.1521
=0.+1521
-0.1521
-0+3042
-0.1521
=0.+1521
-0.1521
~0+1521
-0« 6085
=0.9127
-0.076)
-1+.2169
-1.2169
=0+ 6085
00761
-0.1521
-0+1521
-0.3042
-1.2169
-0.9127
-0.3042
-0.3042
-0+3042
-0.3042
=0.9127
=1+2169
-1.2169
=0.3042
~0+3042
-0.1521
-0+ 6085
-0.1521
~0.1521
=0.+1521
-0.1521
“0+0761
-0.1521
-0.3042
-0.1521
=0.1521
‘0-076‘
-1.2169
=1+2169
=1.2169
=0.1521
=1.2169
=0.1521
-0.+1521
=0.3042
=0.3042

FITTED
-0-2888;
~0.2991 .
-0+5361"
-0+ 4424
-0+1936
~0+1281
-0+1085
-0.2024
-0.5763
-1.0416,
-0.2172
-1.+3201,
w
-0.+9351
-0.6832,
“0.1 746
-0+1.643
-0+1397
~0+3555
-1+1585
-1.0116
-0+2850
-0.2262
-0.+2302
~0+24173
-~0.7846
-1.1761
=1+1488
-0+2935
-0.3166,
-0.0014
-0. 7322
-0.1873
~0+1685,
-0.2589
~0.2521
~=0+1505 "
-0.2327
-0.3851
-0.3004 "
-0.2270
<0.0129
-1.1435
~1.1806
-1.2403
=0+1695
~1.4757
-0.2518"
~0.2279
-0.2993
-0+ 40 76

o et e i it 4l

[ USU L3P SVUOT RV U P




.Nl

-vv,_'..

w T e 4

BN Sl

T,

RUN
400
401

402
403
404
405
406
407
408
409
410
a1

412
413
414
415
a17
a19
420
421

422
423
424
427
428
429
430
431

432
433
434
435
436
437
438
439
440
443
445
446
447
448
449
450
451

453
454
a55s
456
457

R=1851

TABLE A-15 (cont'd)

MEASURED AND FITTED VERTICAL FORCE
BETA=20.DEG

cv W PHI THETA

5.00 +000 197 3.60
4.00 000 14.8 3.60
3+00 000 14¢7 6460
300 +000 4¢ T 6460
500 +000 ©Jye3 6460
2.00 +000 =5+3 660
4.00 +000 27+3 6460
3.00 000 27.2 6460
2.00 .+000 197 4460
4.00 .000 9.7 2+60
3+00 +000 27«3 Se60
3.00 000 =52 5460
3«00 000 =5¢3 5.60
500 +000 =52 S.50
300 000 “0+¢3 5460
S:00 +000 19«7 550
500 000 =03 5.50
6.00 .+000 27.2 3.+60
4.00 +000 14.8 2.60
3.00 000 48 2460
3.00 .000 9.8 2+60
4.00 000 148 2.60
600 +000 4.8 2. 60
500 +000 148 4.50
4.00 +000 4.8 4. 60
400 00D =02 4.70
6.00 000 =52 4.60
3.00 000 148 460
500 +000 148 4. 60
3.00 000 147 4+ 60
400 +000 =03 4.¢0
2.00 +000 4¢7 6470
6.00 +000 9.7 6.70
3.00 000 272 6460
4.00 +000 =52 6460
400 «NOO “0+3 5460
300 +000 4.7 5. 60
600 +000 27«2 5.50
2.00 000 27«3 4460
4«00 +000 272 4+ 60
2.00 +000 198 4.60
3.00 +«000 4.7 4. 60
3.00 .000 9¢7 4+ 60
4.00 000 =03 3.60
300 +000 197 3.60
6.00 <000 9«8 3.60
4'00 + 000 9.8 3-60
6.00 .000 197 2.60
4.00 000 14.8 2. 60
4.00 .000 19.8 1.60
e oY e s

PSI
10.0
10.0
10«0
10.0
10.0
1.:0
10.0
10.0
100
10.0

L[] . L] ® * * [ ) L] * ® [ 2 L) L) . * L) ]
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* L ] L]

o N
oo
L]

20.0
20.0
20.0
20+0
20.0
20.0
20.0
20.0
200
20.0
20.0
20+0
20.0

AL6

zZT
«019
« 163
« 223
«152
<091
+120
«027
« 025
«038
« 063
«016
«211
212
+089
« 201
+ 028
« 057
«+ 048
«056
«109
e 152
+ 130
«125
«077
«215
«290
«080
«135
«033
«056
«+ 063
+123
«04l
<001
+ 185
« 051
« 075
«013
«+ 138
+025
«112
«115
.065
+«+085
« 057
119
+190
+ 032
«Q72
«014

MEASURED
-0.3042
=1.2169
=1.2169
=0« 6085
=0+ 6085
-0+152]
-0.152]
'00076‘
~0.0761
=0.1521
-0+1521
-0. 6085
-0+ 6085
-0+ 6085
-0. 6085
-0+ 6085
-0+1521
-0.0761
-0.1521
-0.1521)
~0+3042
-0.9127
=0.9127
-0.9127
=1.2169
=1+2169
-0+ 6085
-0. 6085
-0.1521
-0+ 1521
=0.0761
-0.152]
-0.1521
-0.3042
-0.9127
-0.0761
-0+0761
“12169
-0+ 6085
-0+ 3042
~0+3042
-0+3042
~0+0761
=0+1521
-0.3042
-1.2169
“1.2169
~0+ 6085
=0.3042
=0.0761

FITTED
~0+1894
~1.0699
142637
=0 6449
-0+ 6388
“0.1196
~0+2065
-0.0850
-0.0408
~0+1949
=0+1796
-0« 6381
-0« 6373
-=0+5611
-0« 6523
~0. 5878,
0-2036:
~0e2944,
=0+2969.
-0«6315"
-0+8545
~0+9195S
~0+8196

.
Ja
3

"~1e1669

'102764

=0« 6173

=0+ 7094
-0.4148;
-0.2822
-0.2172

-0.2334,
-0+ 6641%
=0«23535

-0-8218h
-043523"
-0.2698,
Q- 167

~0.5877
“0.2326
-0+ 4140
'0037&3
=0.2825
-0.2070
-0+« 3588
13134
=1¢1446
-0+ 6147
=0+ 4684
=0-.0787

%

Py
I
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TABLE A-15 (cont'd)

MEASURED AND FITTED VERTICAL FRRCE
BETA=20. DEG

RUN

cv W PHI THETA PS1 ZT  MEASURED  F|TTED
459  4.00 .000 4.8 3. 60 5¢0  «077 ~041521 -0.2307
211 2.07 .p52 0.0 3.00 0.0  +106 -0.1521 -0.1573
212 2.96 074 0.0 3.00 0.0  +079 -0.1521 -0.1159
[ 213 3.92 .098 0.0 3.00 0:0  +070 -0.1521 -Q.}423
s 214 5.00 .125 0.0 3.00 0.0 <056 =~0.1521 =-0.1140
; 215 S.96 <149 0.0 3.00 0.0  +047 -~0.1521 -Q.0865
. 216 2.94 074 0:0 3400 0.0 +069 -0.0761 =0.0726
L 217 3.01 075 0.0 3.00 0+0 <106 =0.3042 -0.246)
. 218 3.02 .075 0:0 3.00 0:0  +«146 -0.6085 -0.4494
; 219 3.97 099 0.0 3.00 0+0  +122 -0.6085 ~0¢4834
V 220 4.00 " «100 0.0 3.00 0+0  «147 -~0.9127 =0 6669
: 221 5.00 125 0+0 3.00 0+0  +120 =0.9127 -0.703S "
E 222 4.95 .)124 0«0 3.00 0.0 *146 -~1.2169 ~0.9413 7
" 223 5.96 .149 0«0 3.00 0.0 *116 -1.2169 -0.9300%
: 224 3.00 .075 5.0 3.00 0.0  +074 -0.1521 -0.0748
~ 225 2497 «074 -5.0 3.00 0.0 <074 -0¢1521 -0.119¢
226 2.99 075 -10.0 3.00 Ce0 <069 -0+1521 -0.1264
i 227 2499 «075 -15.0 3.00 0.0  +060 =C+1521 -0.1266
228  2.97 .074 -20.0 3.00 0+0  +048 =-0+1521 -0.1244
229  2.95 .074 -27.5 3.00 00  +029 =-0.1521 -0.163) ;
230 2.98 074 0.0 3.00 5¢0 -« +079 -0+1521 =0.1067 &
231 2.98 .074 0¢0 3+00 -5.0 .078 =g.152) ~0+1187 i
] 232 2.94 .073 0:0 3400 =-10.0 +079 -Q.]52 <0+1107 4
233 3.02 .07S 0¢0  3.00 =-15.0 .078 -g.152 ~0+1004 |
234 3.01 075 0.0 3.00 -20.0 .088 -0.;52 '=0+1029 1
235 2.98 .075 0+0 2.00 0-0  +088 =0.1521 -0.1927 |
236 3.00 075 0.0 4.00 2:0  .078 -0.1521 -p.1320 k
237 3.01 .075 0«0 5S.00 0.0  «081 -0.1521 -0.1758 1
238 2.97 .074 0.0 6+00 0:0 <065 -0.1521 -0.0962 P
239 4.90 .123 5.0 2.00 0:.0  +«123 -0.6085 -0.7018 [
240  4.00 <100 -5.0 3.00 0«0  +125 -0.6085 ~0+5386 q
241 5.99 <150 -15.0 S.00 ~1040  +014 -0.0761 -0.2330%* |
242 5.99 .150 -27.5 6.00 "5:0 ~+038 -0+3042 -0.2706 ‘
243 3.97 4099 -27.5 6.00 “2Je0 =+046 =0+0761 =0.0' 87 -i
244 2.99 .075 -5.0 3.00 “5¢0  «077 -041521 <Q.1r46 :
245 4.91 123 2¢0  3:00 -20.0 +056 -Q.076 ~0.1907% o
246 .74 044 =150 6.0C 0.0 *155 -0.3042 -0-2674'. ;; {
247 3.90 .098 -10.0 2.00 “20+0 111 -1.2169 -0.7074" -
248 4.96 .124 5¢+0 2.00 -5.0 .059 “0-1521 -0.1077 ¥
250 3499 .100 -5.0 6.00 -20.0 *058 -~0+40761 =0.4145% ;
252 6405 +151 =10.0 3.00 50 <105 -0.9127 -Q. 7888 ;
234 3.98 4099 -20.0 4.00 =3:0  +104 -0.9127 -g.76g] :
255 299 4075 =10.0 3.00 “10:0 <136 -0.6085 -0.5703 :
256 2+97 .074 -S.0 3.00 T3¢0 +079 -0.1521 -0.1699 oo
259  5.02 .125 -20.0 4.00 5:0  «135 -0.9127 “0+9113, Lo
261 3.00 .075 =5¢0 2.00 -10.0 067 -0.07¢: -0-1565’,, P
262  4.01 +100 -5.0 6.00 “15:0  +059 -0.1521 -g.3435" :'%
Sy 2:10 053 -15.0 2.00 -20.0 .055 -g.fec) -0+1803, .
264 6.06 152 3¢0  3:00 -20.0 052 -j.2)69 =0+ 575] Bl
265 6+09 152 ~15.0 2.00 =150 .027 -0.3042 -0.a51¢ *:g
|
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R UN
266
267
268
269
270
2171
272
273
274
275
276
278
279
280
€382
283
284
285
312
313
314
315
316
317
318
320
321
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
341
346
347
348
349
350
351
352

cv

4.00
493
298
203
5«97
4495
593
5. C0
595
4497
S+ 98
5. 62
2475
36 69
4.09
4092
206
4¢84
226
3.20
A0 29
5«24
6e14
3.12
301
4e 16
405
4099
4499
3.01
3.01
299
3.01
3.02
299
295
3+05
281
281
283
2487
290
3«06
190
4.0 6
4.97
4¢99
301
405
594

Lat dudt ol vha

W
«100
«123
«074
«051
«149
« 124
148
e 125
«149
e 124
» 150
140
« 069
«092
« 102
«123
«052
«121
«085
« 120
«161
e196
« 230
117
«113
«156
«152
«187
«187
«113
«113
«112
«113
«113
«112
e111
eild4
+106
+«105
«106
+ 107
+«+109
«115
e 071%
e 152
+ 186
187
«113
152
«223

R-1851

TABLE 15 (cont'd)

MEASURED AND FITTED VERTICAL FQRCE
BETA=20.DEG

PHI THETA PS1 ZT MEASURED
~10.0 S5.00 =20.0 +086 =-0.6085
-15.0 2.00 =20.0 +063 -0.9127

=50 3.00 =5.0 «+078 =-0+1521
=15¢0 A4.00 ~-15.0 «069 =0.1521
=50 5.00 5.0 «+095 =1.2169
-10.0 2.00 =-10.0 «056 -0.1521
0.0 3.00 -5.0 <067 <-0.3042
=5.0 2.00 'S+0 «069 -0.3042
-5.0 3.00 0.0 «099 =0.9127
-20.0 5.00 5.0 +040 -0.6085
=250 5.00 =5.0 +031 -1.2169
5.0 600 -15.0 « 104 ~1.2169
-5.0 3.00 -5.0 «+093 =0.1521
=150 5.00 S.0 «021 =0.0761

~20+0 400 =10.0 «083 -0.9127
=100 2.00 ~-i5.0C «066 =-0.152]

-20.0 3.00 5.0 «062 =0.0761
-25.0 5.00 ~-15.0 «025 -1.2169
0.0 3.00 0.0 + 095 =0.1521
0.0 3.00 0.0 «084 -0.1521
0.0 3.00 0.0 «055 =-0.1521
0.0 3.00 0.0 «046 -0.1521
0.0 3.00 0.0 «037 =0+1521
0.0 3.00 0.0 «063 =-0.0761
0.0 3.00 0.0 «125 =0.3042
0.0 300 0.0 +125 =-0.6085
0.0 3.00 0.0 +125 =0.6085
0.0 3.00 0.0 +129 -0.9127
0.0 3.00 0.0 152 =1.2169
5¢0 3.00 0.0 «078 =-0.1521
-5.0 3.00 0.0 «081 -0.1521
=10+0 3.00 0.0 «071 =0.1521
-15.0 3.00 0.0 +051 =-0:152]
-20+.0 3.00 6.0 «044 =0.+1521
-27+5 3.00 0.0 +021 -0.1521
0+0 3.00 5«0 +041 =0.1521
0.0 3.00 -5.0 + 092 ~0.1521
0.0 3.00 =10.0 +097 =-0.1521
0+0 3.00 =-.:5.0 «098 -0.1521
0.0 3.00 =200 +068 -0.1521
0.0 2.00 0.0 +105 =0.1521
0.0 4.00 0.0 «078 -0.1521
0.0 540 0.0 -J81  -0-~1521
-20.0 4.00 5.0 +136 ~-0.3042
“5¢0 3400 ~5.0 +0B6 =-0.3042
5¢0 400 -20.0 +0B6 -0.56085
=15.0 4.00 5.0 «1735 =1.2169
=50 3.00 =50 +087 =~0.+152}
“15.0 6.00 0.0 +J19 =0.1521
~ C«0 2400 ~5.0 +N40 =0.1521
AL8

"=0+3366

FITTED
=0 70 65
-0+ 7536
-0+¢1 664
-0.1815,
-o.sealz
~0.3477
-0.3624
-0.1901
’O- 7429
-0+5580
-0+B744,,
-1.0228
=0.2129
-0.1384 ;
“0Oe 7768_,. !
~0e5194,

0+.0431
-0.7876"
“0.1172
-0+1526
“C+1035
~0.1674,
~0+2562 "
-0+0435

-0+ 60 48
<0+ 5781 :
~0.9376 i
-1+1806 )
-0.0752 :
-0¢1567 i“
-0e1445 '
~“0.1127
-0.1481
'001978*
0.0666 .
-0+1810 o
-0.1729
~0+1547
-0.0200 ,,
-0+2642 L
~0+1114 o
-0+1 712 D

PSRRI TV S

JOPRTRR TIPS

<0.0776%

-0.3845
=-0.5289
~1.2978
=0.2191
-0.1838
“0e2769%




RUN
353
355
359
360
361
362
363
364
365
366
370
371
372
373
374
376
378
3179
380
381
384
386
387
390
395
396
397
398
399
402
403
40 4
405
702
703
704
705
706
707
709
710
711
712
713
714
715
716
717
718
AN

cv
4.99
500
4.00
4.00
5.99
401
4404
4.03
297
4497
S5+ 52
502
299
197
2.92
5.00
4.02
601}
497
2.99
595
4485
512
6¢10
4.23
3«19
315
410
307
6.06
3e¢11
2,98
404
299

1.98

2+ 49
301
2499
2499
301
3.01
3401
3+00
3.00
3.00
3.01
3.00
3.01
3:01
301

"
«187
«187
« 150
+ 150
« 225
« 150
«152
+ 151
111
«187
«207
«+ 188
*112
e074
«109
«187
* 151
e 225
« 187
*112
e 223
«182
«192
« 229
+ 158
«119
«118
«154
«115
227
117
«112
151
«224
e 147
«187
« 226

224

e 224
° 226
«226
e 226
e 225
« 225
« 225
«226
+ 225
o225
225
226

R-1851

TABLE A-15 (cont'd)

MEASURED AND FITTED VERTICAL F@RCE
BETA=20. DEG

PHI
-20.0
~20.0
'2500

0.0
~25.0
=150

5.0

=5.0
=50
=-10.0
=5.0

S.O

S0
-20.0
-20.0

-5.0

0.0
-20.0
-20.0

=5.0
=100
=15.0
-5.0

5«0
-10.0
27«5

=-5.0
-540
=-5.0
=100
-10.0
=15.0

]
n
o
.

VUL OOOO0OOO0O
- ® - * * L ] > L ]

CO0O00000O0

THETA
500
5«00
5.00
4.00
5.00
6400
400
300
3.00C
6.00
3.00 -~
3.00
2.00 -
600
600
2.00
600 -
2.00 '
200
3.00
3«00
3«00
3.00
500 -~
600
4.00
4.00 -
5.00
3.00
2.00
5«00 -
6.00 -~
500 =~
3.00
3.00
3.00
3.00
3.00
3.00
300
300
3+00
3.00
3.00
3.00
3«00
300
3.00
300
300 -

AL9

PS1 zZT
0.0 «072
0.0 «079
Se0 +098
5.0 209
200 =-.011
0.0 «N16
10.0 «192
0.0 «129
=50 «091
20.0 +«055
200 « 090
0.0 +«0 69
20.0 +094
=50 +187
-5.0 «105
0.0 «071
20.0 +126
0.0 «004
=5.0 «082
“5¢0 +082
5«0 + 094
-5.0 +092
=5.0 e114
150 + 089
=50 + 038
0.0 « 123
15.0 e 097
5«0 137
“S.0 « 061}
5.0 040
100 151
10«0 «135
10«0 +090
0.0 « 095
0.0 +123
0.0 +103
0.0 +07
0.0 «115
0.0 176
0.0 «085
0+0 +091
0.0 «076
0.0 «057
0.0 «028
0.0 +006
5«0 +088
=5.0 «N99
10.0 +C99
1540 «103
200 +104

MEASURED
-0.9127
~0.9127
-0« 6085
=1.2169
~12169
=0.0761
=0.9127
-0+ 6085
-0.1521
-0.1521
“12169
=0+3042
=0+0761
-0.6085
-0+ 6085
~0.3042
~0.9127
“0+3042
=0.9127
-0.1521
=0.9127
~0.9127
“0.%9127
~12169
~0.0761
-0+ 6085
=0.3042
~0.9127
-0.1521
=03042
=0.9127
=0.9127
“1.2169
=0.1521
=0.1521
-0+1521
=0.0761
~0+3042
-0+ 6085
=0.1521
-0+1521
~0.1521
-0.1521
“0+1521
~0+1521
~0.1521
~0.1521
=0.+1521
-0.1521
-0.1521

FITTED
=0+9255
-0+9858
-0e¢ 7365
-1.1441

-0.8047",

-0.1578 "
~0+9020
-0+ 6329
~0.2314
-0.8710
=1.0957
-0.3457
0.0194
=0. 5663
-0+ 6050
-0¢3911

%

046911
~0.2660
<0+9467
-0+1880
-0.9421
~0.8711
=09 649
~1.2763
-0+2135
-0.6067
~0+3399
=0+ 7490
-0.0919
=0+3300
0. 7671
-0 7866,
“0.9647"
'00]279
-0.1281
-0.0897,
-0.0058"
042640
~0. 6604,
-0.0218
-0+1894
-0.1754
~0+1516
001142
~0+2257
-0+0757
~0+1843
=0+1866
“0+1901
-0+1621

T

%

<

A
7 SR NI ORI SIS $ocd . Th ooy . e oy )
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AR I

TEETE TRRTIOTAWR TTRE T e aWRaT A

E
;
:

RUN
720
721
122
723
124
726
728
730
731
732
733
735
736
737
738
741
743
144
746
747
749
750
751
752
7154
755
157
158
759
760
761
763
164
765
766
769
771
772
773
774
775
171
740
781

cvV

3.-01
302
3.00
3.01
2¢53
2453
299
2.99
195
2 49
3.00
197
3.00
3.00
199
2. 48
2453
204
3.01
3.01
307
257
257
2.07
2.00
2e¢14
2+ 51
2451
2451
300
3.00
251
2499
299
2.02
2+51
3.00
3.00
298
2049

2.98 .

2+ 49
297
24+ 48

W

« 226
e226
«225
226
«190
«189
«224
0224
o1 47
«187
«225
«148
e225
e 225
149
«186
«190
«153
225
«226
«230
«193
«193
+ 155
«150
«160
+ 188
+ 189
+ 188
e 225
« 225
e 1873
«22 14
« 224
¢« 151
+ 188
« 225
« 225
« 224
« 186
e 224
« 187
+ 223
+186

R-1851

TABLE A-15 (cont'd)

MEASURED AND FITTED VERTICAL FORCE

'
N — ¥

® ® ¢ =

ocouvooouwnuwuno
0000000000

[}
-
o
.

BETA=20.DEG

PS1 zZT MEASURED
0.0 «090 =-0+1521
0.0 100 =-0.1521
0.0 «094 -0+1521
0.0 +089 =0+1521
-20.0 «084 -0.0761
=5.0 «e256 =0.9127
'500 0165 '006085
S.0 «e267T =1.2169
-10.0 «249 =0+ 6085
=100 =-+010 =-0+.0761
-5.0 «100 -0.1521
=100 «079 =0.3042
Se0 «094 -0.3042
=100 «1 41 -1.2169
=15S.0 «137 -03042
=50 «132 =0.3042
=10+0 «2173 =0.9127
-10.0 «092 -0.0761
=200 «242 ~=12169
=5.0 «086 ~0+1521
=5.0 e166 =0.9127
0.0 «129 ~03042
0.0 06T =00761
=200 =-.018 <~0.0761
" 0.0 «257 =0+6085
5.0 «120 -0e1521
=200 ¢339 =1.2169
=15.0 e062 =-0.0761
=100 «280 =0.+9127
-5.0 «094 -0.1521
0¢0 «e257 =1.2169
0.0 «301 ~1e2169
=50 «103 =0+1521
=15.0 e183 =0.9127
5«0 «e372 =0.0761
“15.0 e234 =1.2169
5«0 «107 =0.3042
=100 «15] ~1+2169
=50 «103 =0+1521
0.0 251 =0.9127
5.0 e176 =0+9127
=100 e330 =1+2169
-~ 5.0 «212 =142169
-20.0 2104 =0.9127
MEAN ERROR=

STANDARD DEVIATION=

A50

Ik A A e L

FITTED .
-0.1529
-0.1883
-0.1773
-0e1621,,
00484
-0+9313
-0+ 7233
-1+2077
=0+5950 .
-0.0781, '
-0.2933 4
~0.2556
~0.2573
“1.2712
-0+4283 ,
-0+2551 |
=0+9345,
-0.1811 1
-1.2642 I8
-0+2068
-0+9089 :
-0.2038
~0+0576,
0.0320° !
-0+ 6249 i
-0.1283
'1.253Qh
-0.1974" i
-0.8315 :
-0.2533 !
-1.2610 ;
-141969 }
-0.2310 ]
~0.8904 :
i

b3

-1.0328"
-1.1944

=0.2740 g
~1.2098 g
-043031 :
-0.8983 y
-0.9282

<1e1784
-1.4072"
-0+8096

00360
0+1573




RUN

R BEdie VIS o N ¥, A

10
11

13
24
34
36
37
40
a1

42
43
44
45
46
47
48
49
S0
St

52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71

72
73
T4

cv
4.00
4.00
4400
4+00
4. 00
400
4. 00
4. 00
4. 00
400
400
400
5«00
200
3.00

- 400

3.00
200
200
5.00
200
3.00
4.00
4+ 00
600
400
3.00
4.00
4.00
3.00
500
2.00
4«00
3.00
400
4400
4400
300
5.00
300
400
S5.00
300
6+00
300
600
6+00
4.00
2400
4. 00

ERPTIE AR IS

W
«000
+000
+000
«000
«000
«+000
«000
«000
«000
«000
+000
«+ 000
+« 000
«000
« 000
«000
«000
« 000
« 000
« 000
«000
+ 000
« 000
+000
«000
«000
«000
<000
+000
«000
«000
000
+ 000
«000
«000
+ 000
+ 000
+ 009
«000
+000
000
+ 000
+000
+000
«000
«000
000
«000
«000
«+000

R~1851

TABLE A-16

MEASURED AND FITTED PITCH MGMENT
BETA=10.DEG

— . b= — - —

VU OoOUPDNDNDULOONNIOAMVOOONMNIJOO LDV YNDUVWOOOOO
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[
v N
.

L2

-5
Ted
12+ 4
0.0
244

THETA
2+ 60
250
2. 60
2+ 50
2+ 40
2¢ 50
2+ 60
2« 60
2. 60
2. 60
2+ 60
2.80
2. 40
Se S0
4+ 50
4. 50
4. 50
44 50
4+ 50
44 50
4¢ S50
3¢50
2450
6+ 50
24 40
5. 60
S« 50
2+ 50
3¢50
5¢ 50
6+ 50
4. 60
2+ 50
6+ 50
3¢ 60
3. 60
3¢50
2+ 50
2¢50
2¢ 60
2+ 60
6+ 60
6+ 60
5«70
6e 60
S« 70
S5e 60
S5¢ 60
5. 60
3« 60

PS1 ZT  MEASURED F|TTED
0.0 043 -0.2400 =0.2350
0.0 «035 =0+2480 =~0.2274
C+0 «139 0+1059 0.1381
0.0 020 <=002467 =0.2507
0.0 «011 =0.2331 =0.2870
560 +028 ~-0.2411 =0.2155

=5.0 ¢e046 =02439 =0.2375
5S¢0 046 =-0+2394 =-0.2380
1.0 +048 -0.2383 =0.2420
150 «047 =02375 =0.2413
20.0 e046 =0.2328 =0.2294
0:0 +039 -0.2044 =-0.2481
-5.0 «076 =0¢4721 =0 2921
5.0 <287 -0.0067 0.3943"
20.0 +05S8 =0¢3425 -0.3335
20.0 +007 -0.4050 =0.4294,
20.0 «031 =-0.1142 =0+2045"
20.0 ¢079 =0.2564 =0+2589
20.0 +056 =0¢2030 =-0.2349,
20+0 D19 <=0¢2070 =0+5756
20.0 «124 -0.2623 -041974,
20.0 *110 =0¢3763 -0.2504"
2040 042 =0+4192 =0.3542
20.0 111 =10277 =0.9911
2000 0034 ‘007851 "0 7987
2040 243 0+2145 <0+,4103"
20.0 +059 -043816 -0.3092,
20.0 +056 =0e¢4647 <=0, 3194
20.0 +112 -0+5002 =0¢3576"
20.0 «033 =-0+1404 =0.2065
100 +045 <=0e8163 =-0+8045
100 +030 =-0+1328 =0+1395
100 036 =0¢1957 =0.2512
10+0 «005 =0.1332 =0¢1554
5.0 +040 =-0.2228 <-0.2769,
5¢0 «029 -0+1335 ~=0.2150
5.0 »043 <~De3650 =0.3115
5S¢0 ¢054 =0+1712 -0.1832
5S¢0 +035 -0.2217 =0.2571,
Se0 013 =0¢1170 =0.1919°
5¢ 0 «039 -0.2067 =-0.2517,
540 «022 -0.2733 <=0+4266"
5.0 +020 -0.3041 =-0.2685,
5.0 «006 =0+1966 =-0.0591
5¢0 +240 =-0+1981 =0.1286
5.0 d016 =01947 =0 «2439
5.0 «012 <-0e1860 =0.2786"
5.0 2102 =~0.8876 =0.8720
5.0 060 =0+1758 =0.1991
Se «041 =0+2303 =~0.2814
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RUN
76
71
78
79
80
81
g2
83
84
85
87
g8
89
90
91
92
93
94
95
97
98
99

100

101

102

103

105
1056
107
108
109
110
1t

i12

113

114

115

116

117

118

119

120

121

126

127

128

129

130

131

132

cv
5.00
2.00
6+00
3.00
3.00
400
400
300
3.00
4.00
200
4400
2.00
600
200
5,00
600
6+00
600
400
5.00
300
4.00
4.00
6400
3.00
500
4.00
3.00
4400
200
3.00
3.00
3.00
400
4400
4.00
3.00
4400
3.00
3.00
6+00
3.00
6400
4+00
6400
2.00
5.00
600
3.00

W
+ 000
« 000
« 000
+ 000
« 000
« 000
«000
«000
« 000
<000
«000
« 000
« 000
« 000
« 000
000
« 000
« D00
« 000
«+ 000
+«000
«000
«000
«000
«000
« 000
+ 000
« 000
« 000
«000
«000
«000
« 000
«000
«000
« 000
« 000
«000
«000
« 000
+ 000
« 000
« 000
« 000
+ 000
«N00
« 000
«+ 000
« 000
« 000

R=1851

TABLE A-16 (cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=10.DEG

PHI THETA PSI1 ZT MEASURED
2¢4 5.60 0.0 «026 =-0.1887
4.9 5.70 0.0 « 329 0.1908
T7¢5 570 0.0 «01S -0.2884
12«4 5460 00 112 =0.4103
12.4 5. 60 0.0 «247 00654
12¢4 4460 0.0 e117 =0.4867
409 6+ 60 0.0 «099 -1.1119
-5.1 6+ 60 0.0 «049 =-0+4079
2¢4 2.60 0.0 «044 ~0.1149
Te4 2460 =5.0 «026 =0+2117
4.9 2460 =50 e135 ~0.0726
4.9 2.60 -5.0 «061 =-0.3013
Te4 5470 =5.0 +285 =0.0217
T7¢5 6470 -5.0 +014 -0.2861
0.0 4.60 -5.0 «119 <~0+1890
0.0 3.60 -5.0 «037 =0.2457
99 3¢50 ~-5.0 *110 =0.5516
9.9 4460 -5.0 +078 =-1.0115
100 5.60 -5.0 «002 -0.+1683
9.9 5.60 -5.0 «037 =0e+4a179
9.9 550 =50 * +097 =049770
0.1 6+ 60 -5.0 «142 =0.5872
409 6+ 60 =5.0 «034 =0.4414
2¢4 3.50 5.0 +039 =-0.1985
9¢9 250 0.0 «105 =0.2529 °
=5¢1 2450 100 «122 =0+0706
10«0 350 10.0 +013 -0.3862

5«0 3.50 10.0 +045 =043703
Te 4 6450 10.0 158 =0.6062
1245 6460 1060 =006 <~0+2266
=S¢l 6460 10.0 +057 =-0.1838
2¢4 6450 10.0 «077 =0.6328
=5¢1 5¢60 10.0 »135 -~0.3783
125 5460 10.0 «006 =0.2270

2.4 3.60 S0 «+038 =0.2097
0.0 3+50 150 2042 =0.2050
1265 3460 15.0 <001 ~0e2662
Ted 2460 15.0 «139 01986
74 2+50 150 +030 =0.2073
Se¢e0 2¢50 150 067 =0.2583
2¢4 2.50 15.0 +057 =0+1703
2¢4 2450 15.0 «069 =-0.8764
0.0 2460 15.0 o172 062694
4.9 2.50 20.0 «065 =0.8722
S¢eQ0 2460 20.0 «137 0.1227
125 5450 2040 «022 =1+4173
1245 6460 0.0 +057 =0.1887
60 6 Nk Te5 =s181 =0+2645
=-5.0 6+70 0.0 «022 =0.2786
949 3460 0.0 e148 <-0+1112
A52

“0¢3449

FITTED .

0.3475"
'002646
-0.4212
O+« 4309
=051 61

-0.9627"
-0.3874,
“0+1856

j0§2194*
0.0620

-0.2456,
0.3686
-0.2926
~0+2173
-0.3298
“0e7715
=1.0695,
“0.0190"
-0.3855
-1+0305
‘006407
-0.3878
-0.2683
-0+3938

¥

0.0935"

~0.3273
=0+3385
-0.6549
<0.2280"
-0.1582
=0+5585
-0+3815
~0.2269
~0+2669
-002742
~0¢2785
‘01095
-0.2779
-D+1783

.'0“‘ 694 %

-0+ 6815
‘043655
'008687*
0.0094
=1.4234
~-0.2259
=0+2537,
-0. 4816

0+0525%

e 1 e

%
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RUN
133
134
135
138

cv

4.00
3:00
4.00
400
4.00
1497
198
315
4.0}
S« 30
6.00
3.01
3«12
3:02
2¢95
2.98
2¢96
295
2+99
2.72
2+ 68
314
2.01
298
297
20 456
Je 46
2496
2.93
4e A9
503
3¢15
307
Se 82
Se 77
40 91
287
596
3«00
6002
295
521
309
3¢14
309
5«23
S5¢19
5«12
3.05
417

W

« 000
«000
«000
«000
«000
« 049
«NS0
«079
«100
«133
«150
«075
«073
076
074
«075
«074
074
«075
«0 68
+ 067
«079
+050
«074
«074
+ 062
«087
«074
«073
«112
«126
«079
077
el 46
o144
+123
072
o149

«Q75.

150
«074
« 130
«077
«079
077
«131
130
«128
«Q76
«104

o
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R-1851

THETA
3. 60
3«70
3« 60
S+ 60
3. 60
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
2.00
4+ 00
5.00
5.00
600
6.00
3.00
3.00
300
3400
3.00
3.00
300
3.00
3.00
3.00
3.00
6+00
2+00
4. 00
5+ 00
3:.00
S«00
2.00
200
200
3.00
300
3.00
2.00
5.00
300
6+00

TABLE A-16 (cont'd)

MEASURED AND FITTED PITCH MOMENT

BETA=10. DEG

1 ZT
0 145
0 «224
0 « 040
0 «221
0 «044
0 «057
0 + 058
0 «029
o «022
0 «033
0 «032
o} 0 42
0 +038
0 «037
0] «033
0 «032
0 «026
0 «064
0 « 047
0 «0 41
0 « 0 41
0 +033
0 «089
0 + 025
0 « 072
0 151
0 +103
0 127
0 « 181
0 «193
0 «115
0 «055
0 «054
0 « 049
«008
«040
«157
e 045
+135
«025
« 057
«022
«092
+036
« 0 41
« 060
- 027
«027
« 048
=-«007

MEASURED
=0+1557
0« 6193
-0.2126
0.0392
-0-.3703
=0.1265
=0.1231
-1+0258
-0+1859
02765
=0+ 3355
-0+1719
-0+ 1888
‘0. l 763
-01785
-0.1681
=0¢1554
“0e¢1675
=0+2200
~0+2557
=0.2508
=0.2863
“De2615
-0.0941
~02471
00795
=0+1814
<0.0043
0+ 4390
-0.3932
=0+ 4065
-0+2401
~0.2419
06677
-0.8830
=0+3708
=0+1347
=1+5612
~0+2594
=0+8718
“0.2207
=05358
-01102
~0+2444
-0+3289
=104362
0. 7027
=1+ 7423
03975
=0« 7773

FITTED
-0+1819
0+ 6002
-0.2756,
-0+1468
-0.2821
-0.1384
-0+1395,
=-0¢1540
-0+1615
-0.2951
-0+ 3239
-0+1835
-0.1921
-0+1798
'00‘738
-0+1953
-0.2062
-0+1559
-0.2170
-0+1923
-C-1901
-0+233%
-<0.2800
-0.1286
-0+2005
‘00720
~0+1786,,
~0+040 6.,
'0.2998
0. 4358 "
~-0+3549
“02674
<0+2668
~0e¢ 5840
-0+8656
~0e 3584
-0s1142
-1.4807,
-0+1056
“1e0676"
02694
-0+ 5248,
<0e1775"
-0+2374
-0.3223
-0+9909
-0+ 71 44,
~143500"
~0+3570
-0« 7923

R N




RUN
62
65
66
67
69
70
71
72
74
75
76
71
78
79
80
82
83

418

419

420

421

422

423

42 4

4295

42 6

4217

428

429

430

431

432

433

434

435

A6

438

440

441

A43 s

444

445

446

448

449

451

452

455

456

457

P G

cv W
S5.18 +129
4,10 102
615 154
2+ 11 «053
4405 101
3.01 075
3.00 +075
6:08 152
5«05 +126
6.03 151
S«05 126
S5¢05 126
402 <101
2.04 051
533 +133
387 « 097
3.02 075
185 069
2.96 o111
3.95 0148
5«02 «188
609 228
386 +145
391 146
396 +148
4403 +151
401 e 150
399 « 150
4402 151
3499 «1580
401 «150
4400 150
401 «150
3:99 150
4.00 150
4002 151
3:97 <149
4.01 +150
4400 +150
398 «149
3.98 {49
3+¢98 149
3+98 149
402 +151
403 151
181 «0 68
401 +«150
A¢ 91 +184
4490 184
292 109
i s

-1

-1
-1

[

R-1851

TABLE A-16 (cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=10+DEG

PHI THETA
5«0 3.00
2.5 6+00
0«0 5.00
7«5 2.00
S¢0 5.00
T7¢5 2400
0«0 3.00
5S¢0 3.00
0.0 3.00
25 5.00
2.5 2.00
0.0 5.00
75 5.00
0.0 3.00
25 3.00
2.5 2.00
2.5 3.00
‘0«0 3.00
0.0 3.00
0.0 3.00
0«0 3400
0«0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
G+0 3.00
0«0 3.00
5S¢0 3.00
25 3.00
50 3.00
T¢5 300
0«0 3.00
25 3400
2.5 3.00
2«5 3.00
2«5 300
0.0 J.00
0.0 3.00
0.0 3+00
0«0 3+00
0.0 3+00
0.0 2.00
0.0 4. 00
0«0 5400
0«0 6400
0.0 4400
2¢5 300
50 4.00
T7¢5 400
2.5 3.00

PSI

=20
~20.
=20
=20«
-20.
=20

5
5
5
5
5
5
5
5
0
0
-5
0
|
0

L]
[ ]
L]
L
L4
L ]
L
L]
L]
[ ]
[ 4

0]
0
0
0

0«

*
*
.
L 4

0
O
0.
Qe
O.
O
0.
Qe
Se
-s.’
-10.
g
-S.
=10+
=15
=20,
“20.

0
0
0]
0
Se
5
0]
5
S

0
0
0]
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
(0]
0
0
0
0
0
o]
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0

ZT
«022
«+033
e 004
«046
«047
D76
«038
«057
«108
«047
+038
« 031
« 008
+016
« 061
«099
«038
«0 60
2044
+ 033
«025
«022
+ 028
+ 045
«067
«117
158
«027
«+ 031
«027
«017
+011
+ 006
«007
«002
« 004
« 032
« 035
«036
« 040
«035
+036
«032
« 025
«024
«132
0043
«131
« 099
«043

v @ﬂmkﬁmuﬂﬁwmmmmmmmﬁ

MEASURED
~-0«8021
=0« 7043
-15378
-0+.2271
-1.0879
-0«3185
-0«1155
=0+ 6194
=0-1045
12614
“0«2348
=0e¢ 5945
“0+1048
~0+0566
-0+8295
~0.0184
=0+2174
=0.1114
-0«2056
-0+2504
-0+2408
~0.2481
“0.1717
-C+ 3584
~0+ 4607
-0.0853
0.4823
~0+2705
'0-2477
-0.3052
~0e2684
~0.2611
02630
-0.1283
~0+3949
-0+ 5452
-0«1128
~0+3566
-0s+4612
~0e¢5922
-0.7297
~0+1804
-0+2906
“0.2535
“Q+2706
-0.1024
-0+4833
-0+ 6883
=0+ 4641
~J«2554

B Yy

FITTED
'007522
'0{7951
-1¢4785
-0.2373,
-0.9221 "
-0+3274
=0¢1147
-0 6054,
-0.a162
-0.8119"
“0+1937
-0+ 5517,
-0+.0108
‘0000611
064941,
-0.0445"
“0+2310
=0.1315
<0.1808
“0+.2238
=0¢2568
“0.2911

"0??944

“0.2656,,
-0+3063,,
“0e1961,,
0.0872
-0.2016
02390
=0e2421
'002247
=0.2428
~De«2891
‘0;1517
-0+3599
=0¢4790
~0+1062
=0¢3552
-0+4791
=0~ 6069
-0. 7008
-0.2303
~0+2474
“0+2245

-0.2629,

0.0611
~0.4116,
-1.1331"
-0+ 72357
~0.2562

.
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RUN
458
459
460
463
465
466
467
469
A70
471

473
475
476
483
484
485
487
488
A89
490
491

492
494
496
499
500
502
503
505
S06
507
568
512
513
514
795
796
7%7
798
799
200
801

BO2
303
804
B80S
¥06
807

808
809

cv
400
596
501
402
5«97
Se97
400
5.05
3+01%
2¢99
4496
4¢97
4697
198
291
3«01
393
3+00
413
6.08
4+ 10
4¢04
318
6¢07
6«05
408
309
310
3«03
302
301
2.99
201
515
5.10
3«00
299
301
3.00
3«01
3.00
3«00
2099
2499
2.98
299
300
3.00
2497
3+00

o 2l

W
+ 150
224
+ 188
151
«224
«224
150
«+189
+113
112
«18B6
<186
<186
074
109
«113
e 148
113
« 155
228
+154
+ 152
«119
+ 228
« 227
+153
e116
s116
v114
«113
113
112
« 075
«193
191
«225
224
e 226
«225

226

225
«225
2P4
224
223
224
» 225
225
. 223
+225

R-1851

TABLE A-16 (cont'd)

MEASURED AND FITTED PITCH MO@MENT

BETA=10.DEG

PHI THETA PS1 2T
7¢5 6400 Q0 «010
D0 200 ~Se0 <025
0«0 5.00 0.0 « 045
25 3.00 5S¢0 « 110
0+0 200 5.0 «090
245 500 =~20.0 <01t
TeS 600 0.0 <011
5.0 4400 ~10.0 «0B3
2.5 300 0.0 « 131
25 3.00 “S5e¢0 «047
5¢0 600 =~20.0 e 024
2¢5 2400 =~20.0 +086
560 300 0.0 « 031
0+¢0 6400 =50 +168
2.5 2400 0«0 « 089
00 6400 =20.0 « 133
0.0 200 '-5.0 <097
2.5 3.00 “ 540 « 043
5.0 2.00 5.0 a112
50 2.00 5.0 «Q081
7¢5 3.Q00 5.0 +«07%
0«0 3«00 D0 « 028
2¢5 4400 ~Se0 el 40
5:0 500 =15.0 074
OeD 5400 ~15.0 « 001
5.0 600 “5.0 015
2¢5 4.00 Del « 105
~2¢5 4400 ~15.0 «053
2.5 5.0Q0 " 5.0 « 161
25 3.00 “-5.,0 e g4l
5.0 2.00 ‘540 « 092
S+ 0 500 ~10+0 « 104
7e¢S5 6400 =10+0 . 220
0.0 5,00 ~10.0 + 042
125 2400 <=10+0 -.016
0«0 3.00 " DeD «055
5.0 3.00 D0 v047
2¢5 3400 D0 «056
5.0 3«00 D0 051
7.5 3.00 00 046
0,0 3.00 0.0 « 039
2.5 3.00 0«0 + 043
0.0 3.00 5.0 v054
0«0 3.00 =S50 = Q68
0«0 3.00 ~10.0 «072
0+0 300 =15.0 «Q75
0«0 3.00 =~20.0 + 069
0.0 2.00 " 0.0 «067
0.0 4.00 0.0 « 058
0«0 5«00 0«0 « 053
A5S5

[

[PPSR WINPT Y ISV RV

- ———— g ——

MEASURED FITTED

“0.2979
-0+ 4356
~0.9124
~0.0373
0.0738
=2+ 5029
~De 1664
-~0.9535%
0.0059
02761
-1.1278
~0+9896
~0+3896
-0+2375
“0«0765
-0+ 7857
“0.08787
=3«2610
0«1807
-0.0185
=0+ 6135
=~0+«1790
~0.1924
-1+9056

“1+2515°

043465
~0«2636
-0+« 5560
“Ds1227
~042644
0-00Q9
Qe 6479
-Q.1289
=1+6565
~Q+5553
~Q+1908
~0+1498
-~0¢2016
~0+1868
~0«1822
~Q+1732
~0e1643
~0+0435
~“043657
~0¢48Q 7
~0¢ 6101
~0.7997
~0«1 496
~0¢2548
~D«2773

(TR SV

~0.2138
~0+4747
=0+9596,,
'001393.
=0 2532:
~2.1212
“02279
~D+8996
“0+¢0311
~0» 2734
~1. 3888
‘100559
~Q0» 2566
~0.2391
“0+0675

~0+8179

~0.2496
~0+26717
0+1292,
“0+4686
-~0s+5516
~0+205]
“0e 3248;
-1+ 6821
12978
~0.3809
“0.2866
~0e 5087,
-0.2432"
'00264!
‘040525
-0+ 6508
-0.2101"
'104059
0+ 6036
“0+1982
'0;1966
~0.2008
~0+1956
-0+1939
-0+ 1893
0+ 1937
-0.0305
-0+ 3620
~045091
-0« 6566
-0 7947
“0s1492
~0+2483
=0+2933
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RUN
810
811
812
813
B15
816
817
818
819
820
821
ga2e
823
824
825
826
827
828
ga2g
830
831
832
833
834
835
836
B39
B a0
8 4]
B 42
845

- B46

8 47
848
849
850
851
852
853
855
856
857
858
BS9
861
B 62
B63

cv
2+99
3.00
3.00
3.00
2401
251
301
3«02
3.02
203
3.01
3.01
2.02
2052
2+01
24 48
2448
299
199
2.00
2.50
2499
1496
2495
2496
1.98
206
203
2.98
299
2.98
301
254
3.01
255
2+.54
2.08
2453
205
3.01
2453
3.00
299
2453
254
2¢97
3.00

w
«224
225
225
« 225
151
« 188
«226
226
e 226
«152
226
«226
152
«189
« 150
v 186
«186
«224
e 149
+ 150
« 187
e 224
« 147
221
e 222
«148
¢ 155
+153
223
+ 224
« 223
« 226
+ 190
« 226
e 191
191
«156
«190
+154
«226
«190
« 225
« 224
+190
+ 190
«223
e 225

R=1851

TABLE A-16 (cont'd)

MEASURED AND FITTED PITCH MOMENT

BETA=10.DEG

PHI THETA PS1 ZT
0«0 6400 0.0 + 056
0.0 3.00 0.0 «051
0.0 3.00 0.0 <082
0.0 3.00 0.0 «130
0.0 300 0.0 «104
=2+5 3.00 0.0 « 069
‘0s0  6+.00 =20.0 « 066
5S¢0 6400 =50 «175
=-2¢5 600 5.0 «211
0+C 4400 =100 «205
=125 3.00 =10.0 «017
-2¢5 3.00 -5.0 «065
~12+5 3.00 =10.0 «093
=100 3.00 5.0 o111
-3¢0 3.00 =15.0 o112
=125 6+00 =10.0 + 190
=125 5.00 " 5.0 «281
0+0 3400 -5.0 « 084
5S¢0 600 =10.0 «287
=50 3.00 =10.0 «076
~2¢5 5.00 =20+0 « 248
-2+5 3.00 =50 e065
=5.0 6.00 -5.0 «263
5-0 S5.00 0.0 +063
-5.0 6.00 0.0 «034
-12«5 3.00 -20.0 «019
5¢0 4400 0«0 <192
=T7¢5 3400 5«0 + (088
0.0 5;00 '20;0 «219
=75 600 =15.0 «031
560 6400 =10.0 «174
-2+5 3.00 =5.0 «053
=7¢5 5500 0.0 «242
=100 5.00 0«0 2204
0«0 S5e00 =5¢0 « 046
=2¢5 400 =15.0 «180
00 5.00 5«0 +038
560 400 =200 212
-5:.0 8+00 =150 «288
“5¢0 2.00 = 5.0 «074
“12¢5 4.00 =10.0 + 182
-2+5 3.00 =540 « 049
“S5¢0 400 0.0 «157
=S5¢0 6+00 =50 « 169
=125 4.00 -S.0 « 209
=12¢5 5.00 =20.0 «057
-5:0 4.00 =50 «026
MEAN

MEASURED FITTED

=0.3571
=0.1 458
-0.2316
=0+0538
-0.1012
-0.1694
=0+9759
=0+ 4322
~0+0469
-0.0521
-0+ 4644
-0¢3720
=0.2425
-0.0352
-0.2863
=0e¢ 4462

0¢1753
=0+3535
-0.0679
-0.2558
~0+0371
=0+3866
~“0.0734
'0;3277

=0.2557"

'003775
0+0678
-0+0361
-0.2335
~0.7687
~0.5082
=0+3743
'‘0e1454
-0.0051
=0+3410
=0+1436
-0.0627
“0¢3779
-0.3018
0.0272
0.0022
-0.3724
-0.0237
-0.3624
01236
=1.2734
-0.3002

ERROR=

STANDARD DEVIATION=

A56

=0:3761
=0+:1933
-“0+1952
=0.0425
-0.09 41
=0+147
-0.9670
-0+ 4408,
-0+2253)
-0.0920
~0+4967
-0+3760
'0 1772
001493
=0 3231
=0 6351
0 7749
-0.3509,
0+1890
-0.2704,
“0+¢4556°
-0+3721
=0+.0992
-0.2878
“0+2796

-0+3158
”0;1298;
0+0606,

[

=0+ 6755
-0+8367
=0« 5327
-0.3628

0e1167,

~0+1914"

“0:2950

'0-4135
0.0066"
~0+3398
-0 2769

040690

-0+2095"
=0 3546

=017, 2u

~0+¢5734

0.1428
=1+2213
f002938

0.017)
0{1568
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RUN
141
143
144
145
146
153
157
158
159
160
161
162
165
166
167
168
169
170
171
172
174
| 175
! 185
| 186

187

189

191

192

193

194
| 195
: 196
: 197
198
199
200
201
202
203
204
205
206
207
208
210
211
212
213
214
215

cv
440y
300
600
4. 00
4.00
200
400
400
300
400
400
4.00
2.00
600
300
3.00
2.00
5«00
4.00
3.00
6.00
400
4.00
4. C0
3«00
500
4.00
4400
3.00
3.00
3.00
6+00
6.00
6+00
2.00
2.00
400
500
500
500
3.00
4.00
4.00
600
5«00
4.00
2.00
4.00
2.00
600

W
«000
+« 000
« 000
+ 000
« 000
+ 000
+000
« 000
«000
+ 000
«000
«000
« 000
«000
«000
+000
«000
« 000
+ 000
«000
« 000
« 000
+ 000
«+ 000
«000
+ 000
«000
«000
« 000
« 000
« 000
«000
«000
«000
«000
«000
«000
+ 000
« 000
«000
« 000
+ 000
+ 000
« 000
+ 000
« 000
+« 000
« 000
+000
+ 000

R=1851

TABLE A-17

MEASURED AND FITTED PITCH MOMENT
BETA=15.DEG

PH! THETA
5.0 3.60
4.7 2460
14.8 3.00
4.8 3. 60
5.2 3+60
=21 3. 60
9«8 3. 60
14.7 3« 60
14¢7 3660
19.8 3«60
19.8 4e 60
19«7 460
4.7 Se 60
9.7 5460
19¢7 5+60
197 S« 60
1967 6460
9.7 6460
907 6060
~5¢3 6660
-5.2 € 60
Qe 7 3« 60
4.7 3+60
-0 3+ 60
~5¢3 3460
=03 2450
9.8 3.60
9¢7 360
14¢7 370
1447 360
147 1«60
=52 5460
‘947 Se 60
19.8 Se 60
=0«3 Se60
-5¢3 5460
198 5¢60
147 6460
4¢ 7 6. 60
4 6+ 60
-Se 6+ 60
.407 3060
“0e3 3660
147 3+60
=03 250
4.7 2+.60
A4e T 2460
9.8 2.80
=03 4+ 60
148 4. 60

ZT
«050
« 053
149
+ 050
« 050
114
«035
«014
e 169

=+005
"« 155
+ 162
.37‘
«029
161
«280
«067
«030
«147
«082
«039
« 061

«046
s 065
«119
«063
«173
«1717
« 250
0177
e 048
«035
« 026

-+016

«101
«257
«139
«010
«036
«037
«279
«055
«0 63
«155
«103
«+094
162
«043
170
«126

MEASURED
=0+2375
-0.1227
0.1003
~0.2396
~0e¢2467
=0+1449
~Q+2512
-0.2506
-0.0617
-0.2519
-0.2261
=0.2440
0.2066
-0+3344
=0.2815
0+.0973
-0+2003
-0+3008
-0.8982
-0+ 4194
-03517
“0e2495
-0+1568
~0.2429
-0.2293
-0+2604
-0.0922
-0.1014
D¢ 6273
-0. 1492
-0.1314
=0+2410
-0.2231
-0+2472
-0.1982
-0.1356
=0e 6296
~02279
-0+«3090
-0+3131
-0«1197
«0+2397
~0+2462
-0¢1470
-0+ 5451
=0.2999
~0«0699
=0+2461
~D+1696
-0+ 7053

FITTED
=0.2248
‘0-\451*
‘00]342
-0+2169
~0.2199
‘002032
-0.1868
=0«1714

00416
=0+2575
-0.2932
~0«2288

0.22 61
-0+«3047
~0+2940

0. 7929"
jo~3125*
=-0.3308
-0+8136
'004282
“0«39581
-0+2812
-0.2027
-0¢2756

‘=0.2481

=0.+3044
=0.1060
-0.0830
O+ 6154
-0.1387
-0+¢1438
~0+2994
~0.2740
-0.2192
-0.2217

~0+0906,,

‘0;7426
-0.2822
~0.2858
~0.2969
«0+¢1096
~0.+2500
~0+2666
'001653*
=0e3114
-0+.2438
~0.0488
~0.1885
-0.2271
-0+6957

bk, Mol i b
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RUN
216
218
219
220
221

222
223
224
225
226
227
228
231

232
233
234
235
238
239
240
24

242
243
244
245
246
247
248
249
250
251

252
253
254
255
256
257
258
260
261

262
263
264
265
266
2617
268
270
271

275

P PUOT U VT PP

cv
5.00
3.00
400
6+00
6.00
4.00
3.00
4.00
2.00
300
S.00
3.00
3.00
5«00
200
4.00
5.00
3.00
4.00
5.00
3«00
400
400
3.00
3.00
5.00
300
5«00
6.00
S¢00
2.00
600
3.00
4.00
6.00
300
5.00
300
400
4.00
3.00
600
4.00
6400
4.00
3.00
3.00
6.00
600
4.00

W
«000
+000
« 000
« 000
«000
+000
«000
«000
+000
« 000
«000
+ 000
+ 000
+ 000
+ 000
« 000
+000
« 000
+000
+000
+ 000
« 000
+ 000
+000
+ 000
« 000
+ 000
+000
+000
«+000
+ 000
«000
+ 000
« 000
«000
+000
+ 000
« 000
+000
+000
« 000
+ 000
« 000
+000
«000
«000
+000
+ 000
« 000
» 000

R-1851

TABLE A-17 (cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=15.DEG

THETA
S« 50
5+ 60
S« 60
Se 60
6. 60
6+ 60
6+ 60
6+ 60
6+ 60
6+ 60
6+ 50
6+ 60
4+ 60
4¢ 50
4. 60
3+ 60
350
3.« 60
3. 60
3+ 50
3e 60
3« 60
2+ 60
S« 60
5+ 50
S« 50
Se 60
550
Se 60
S« 50
6+ 60
6¢ 60
6+ 60
6+ 60
4+ 60
4 60
4. 50
4¢ 60
4 60
4¢ 60
4+ 60
4+ 60
3+ 60
3. 60
2+ 60
2+ 60
2+ 60
250
250
250

o aacd

PS1
-5.0
-5.0
=50
=5.0
=50
=5.0
10.0
10.0
10.0
10.0
100
10.0
10.0
10.0
10.0

Se0
100
100
10.0
100
10.0
100
10.0
10.0
10.0
150
15.0
15.0
150
15.0

. % o o o o » & » e o
[eNeNoNeoRoNoNoRoNoNoNeNoloNeoNe o]
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A58

ZT
« 150
« 242
e 045
«007
+ 005
« 044
-+009
-«014
«104
« 117
+070
« 191
179
«035
«037
«054
+118
e 240
«059
« 020
«131
e 064
« 050
-+003
"« 180
«077
+ 165
« 029
«016

044"

«+091
«026
+018
«150
« 067
« 094
«077
«266
« 230
+ 049
«056
«+033
e 069
-+009
+053
+ 095
«089
+ 099
«097
117

MEASURED
~0.671717
~0+1283
~0+4594
~0+2613
03574
04921
~0+2009
~0+3119
~0.2122
~0+6270
08317
=0+5410
=0+0379
-0+ 7332
=0.1298
-0.2282
-0+8876
0+ 5252
-03770
~0+4321
“0«1767
=0-2405
=0+2532
~0.2368
-0«3021
~0«9213
-0+ 4002
-0« 7938
“0+5066
~0+2876
-0.2087
-0+3107
~0«4184
-0+ 7226
~0+¢8496
-0 4702
=0e¢9602
03267
00466
-0+1921
-0+2363
~02945
=0+2568
-0+4188
~0+2430
-“0.2523
=0.2019
-0.8529
“0s8546
=0+ 4130

" =0¢3351,

FITTED "
~0¢ 6373
0.0239
=0+3435
=~03487
~0¢3397
-0+ 4041
=0+2514
=0.2429
‘00l949*
-0.5662"
~0. 6364
=0 5808
=0 1320
“0s4971"
~0e 1548
=0+2497,
'004728
O. 2798
=0 3525
-0+1443"
=0 2884
=0 2787
-0.2634
~0«2630

“Oe 6393 !
=0 4246 ;
=0 5145 ‘
-0.4730 E
=0+ 3620 :
-0.1863 ' E
-0+3105 j
<0+ 4544 j
~0+ 6958
=0« 7701
'004597_ :
“0e 6913 oy
0. 1471 C
0. 090l j
02416
“0e 2780_
-045285"
-03050
“0e42175
-0+3053 i
-0+2597 13
=0.2322 ¢
5
i

-0.7250“
-0.7299%
jO « 3363
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cv

400
4.00
3.00
400
600
5«00
600
400
4.00
3.00
300
400
200
2400
3+00
300
400
4.00
400
400
5«00
2435
292
388
4495
6+02
287
3.02
3.01

2.82
4403
3+03
3«02
287
2489
3405
3«06
3.01

3.03
3.01

2499
302
306
3«06
404
6.09
6.05
A4.02
5.00
4.99

W

« 000
«000
«000
« 000
« 000
«000
«+ 000
« 000
«000
« 000
«000
« 000
«000
«000
« 000
+«000
+ 000
« 000
+ 000
+ 000
+000
«059
«073
«097
e 124
¢ 150
«072
«076
«075
«071
«101
«076
«075
072
«Q72
«076
074
«075
«076
«075
+075
«075
076
«0176
«101
«152
«151
«100
125
«125

R-1851

TABLE A-17 (cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=15.DEG

PHI
4.8
-0.3
14.7
4.8
4.8
4.8
14.°
147
147
9.7
9.7
198
14.7
19.8
-0.3
-0.3
-0.3

—
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]
o
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[V NoNoNoloNoNeNaole)

THETA
3+ 60
3. 60
3+50
350
2450
250
2+ 50
250
2450
4+ 50
4+ 50
44 50
4+ 50
40 60
S¢50
S« 60
64 60
3+ 60
1460
1«60
150
300
3.00
3.00
300
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
300
3.00
3.00
2.00
4.00
5.00
600
300
5.00
6.00
6.00
3.00
3.00

PS1

5.0
20.0
20.0
20.0
20.0
20.0
20+0
20.0
20+0
20.0
20.0
20.0
20.0

o _ e L NN 2 L ] [ ] L ] ®* e o [ ] * e & o *
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A
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=200
=200
=200

A59

ZT
« 058
«068
« 049
«133
«100
168
+028
«034
« 020
+ 043
«075
« 004
«098
+136
+ 090
+056
« Q46
«05¢9
«082
+038
«051
+ 069
.060
« 052
<045
«037
« 049
« 081
+155
156
«181
« 059
056
«052
eQ46
+040
«058
s067
+066
«055
066
+0 63
«054
+057
«095
+003
018
«022
«022
021

MEASURED FITTED

~0.2466
~0.2662
=~0.3197
=0+ 5162
=-0.8935
0.2786
-0+ 7198
-0.3713
-0.2372
-0+1585
=0+3474
-0+ 4258
02495
=0.2265
=0.3832
=0+ 669
-0.2038
=0.2681
-0+.2252
=0.2037
~03942
-0+1120
=0+1469
=0+2260

=0.2918 °

-0+3893
~0.1179
02434
00147
~0.0003
Qe 4397
-0.2007
~0.2025
“0+1662
~0+¢1552
=0«1506
“0+ 1040
-0+2525
~0+3200
=0+3994
00549
~0+2026
=0.1997
'0;2755
“0+3547
10072
~0.9063
=0« 6B66
=0+ 6637
=0+ 7066

~0.2662
=0+30 61
~0.2952
~0.4095
-0.9198

k)

¥

‘002065*

-0.8439
-0.3310
-0.2418
=0+1990
=0+3482
~0+2560
'002435
~0+1666
-0+3094
=0+1592
=0.2551
-“0.2720
-0+2020
-0.2268
~03673
=01 621
-0+ 662
=0+1965
-0.2682
-0+3819
“0+1269

-0¢2170

~0+1188

j0-1176*
0.0933

=0+1794

041611

=0+1545

‘0;1760f
~0+2585
=0+1110
~0+.2858
-0.3300
'0;3400
=0+1463
~0+2145
-0.2085
~0¢2596
=0. 3088
-0+9831
-0.8828

'006968+
-0.9002
-0.8912%
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RUN
142
143
144
145
147
1 48
150
151
154
156
157
158
1 60
161
162
163
164
165
166
167
168
169
170
171
173
174
175
177
178
180
181
182
183
184
527
528
529
530
531
532
533
534
536
337
538
539
540
541
542
543

cv
2.91
1«65
379
4e 76
387
5¢86
3«94
2495
4.78
3.00
3.02
3.99
2 40
6+18
6+:21
6418
438
3.23
2¢15
2464
S5¢ 65
4. 72
5«81
4e 74
591
4+ 83
604
375
2+956
3.18
Se11
2415
4,91
5.08
1.82
287
387
4498
S5¢97
296
297
2.96
3¢98
397
2+96
296
3.00
2.97
2+,98
2.98

S e b S Emp g s G e
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R-1851

TABLE A-17 (cont'd)

MEASURED NAND FITTED PITCH MOMENT

BETA=15+DEG

PHI THETA PSI ZT
=50 3.00 -5.0 056
=100 6.00 0.0 *153
~1{0+s0 3.00 =20.0 +093
5S¢0 2.00 =50 « 045
~5¢0 600 =20+0 «026
~10.0 3.00 5«0 «097
~15+0 4.00 5.0 +093
~10«0 2400 =10.0 +105
-5¢0 3.00 -5¢0 «+ 032
‘0«0 2400 =10+0 +053
~5¢0 6400 =150 + 0S50
“5+0 6400 =15+0 + 040
~10.0 2.00 =20.0 044
" 5«0 3.00 =-20+0 +044
5¢0 3.00 =20.0 + 040
~10+0 200 =15¢0 +004
=100 5¢C0 =20+0 041
-10.0 2.00 =20.0 + 082
~10+0 4.00 =15.0 «037
=S¢0 3.00 ~5.0 « 065
“5.0 5.00 5«0 * 073
“5¢0 2.00 =190.0 +052
‘540 3.00 -5.0 « 040
0.0 2.00 ‘5.0 064
~5.0 3.00 0.0 077
~20.0 5.00 5.0 + 045
-20.0 5400 =540 « 020
=100 5.00 5+0 2013
~5.0 3.00 ~S5.0 » 048
~15¢0 400 =-10+0 a1
~5.0 2¢00 =15.0 e046
~15«0 3.00 ~ S.0 . 002
-20+0 5+00 -15.0 «012
S¢0 4400 0.0 «071
0.0 3.00 0.0 o112
0.0 3.00 0.0 «076
0« 3.00 0.0 +052
0«0 3400 0.0 «043
0.0 3.00 0.0 «037
0«0 3.00 0.0 +052
0.0 3.00 0.0 0104
0.0 3.00 0.0 154
0«0 3.00 0.0 o146
0.0 2.00 0.0 +195
5.0 3.00 0.0 «0175
=5.0 3.+00 0.0 074
~10.0 3.00 0.0 «063
~15.0 3.00 0.0 «044
-20.0 3.00 0.0 «019
0.0 3.00 Se 0 074

A60

MEASURED
02193
“0+157
“0e9466
=0+3421
~0+5976
“0«2077
=0+5311)
-0+0958
=-0+3333
-0.:2027
=0+ 4438
-0+ 6029
~0+2686
=1+984]1
-19283
=0+6953
-1+1258
“0+4067
~0+2051
“0.1882
"‘] 0'0 763
~0+ 4699
-0« 6292
=0.2015
=0+.8220 °
=0+ 4189
=1¢4943
~0.0912
~0+1927
~0+ 5299
~0. 6681
~0+0409
~15942
~0¢8155
~0.0950
~0¢1965
~0.2347
~0+2708
~0.3112
01315
~0.2103
00134
-0+0005
0+ 5571
“0+1887
-0.2052
-0+1880
~0+] 689
~0.1539
=0+1545

[ FUVOU Y

e AR b e sttt Ak i bR 2R,

FITTED
~0.2122
‘Oo|56s
‘Oo 6944
-0.3702

-0 . 5338.,.
<0.5094"
=0+ 6158,
~0.2160

~0+3342
~0.2223
~0+4052
~0e« 6139
“0.2504

~1.7346;
‘107495.
‘102146_

~0.9378
~0+ 4408
~0.1953
=0+2109
~De5797
=0+5435
~0.5817

~0+1808,
<0+5832,

-0¢8651

-1.3565‘

0. 0122
-0.1889

-045030*
~0.8482

0. 0230

-1-2?10_

‘0-4606
-041606"
~0¢1937
-0+2099

-0+3266,

=0+« 5221
-0.1382
02163,
‘0'1055
=0 1519
0.2261"
=0+2044
-0.1921
=0.1810
=0e«1752
=021 61
=0.1235

o mamr co R cbei e Ak et bt

A A e T it By S0

PO R Y

e e nm——
o AN :

k-



RUN
544
545
546
547
548
549
550
551

552
533
555
556
558
559
560
561

564
566
567
568
569
570
571

572
573
517
579
S80
581

583
585
586
588
593
594
595
596
598
599
600
601

602
603
604
618
619
620
621

622
623

cv

298
2499
297
2«99
297
2.98
297
3«01

190
4403
S«98
4499
399
3.00
600
5.00
601

601

6«00
3+98
397
2.99
4497
300
595
4097
199
296
600
595
6+01

2¢%56
391

403
297
3.01

203
301

3.02
2.01

S«02
505
3.05
5«99
1.92
299
2450
307
3:06
3«05

W
112
«112
112
112
«111
112
e 112
«113
«071
« 151
«224
« 187
« 150
«113
«225
« 188
« 225
«225
225
149
¢ 149
112

"e 186

«112
«223
«186
« 075
o111
«225
«223
« 225
111
« 147
¢ 151
e 111
«113
v 076
e113
*113
e075
+ 188
«189
114
« 225
e 144
224
188
« 230
«230
+ 228

R-1851

PH1 THETA
0«0 3.00
0.0 3.00
0.0 300
0«0 3.00
0.0 2.00
Q.0 4400
0.0 500
0.0 6.00
=15.0 4.00
=-5.0 3400
5.0 4.00
=100 4¢00
-15.0 600
-5.0 3.00
0«0 2.00
=150 5«00
-20+0 200
" 0.0 3.00
-20+0 S.00
=10.0 6.00
5.0 4400
-5.0 3.00
=50 600
~5+0 3.00
-5.0 2.00
‘S«0 3.00
-15.0 6,00
0.0 6.00
=200 2.00
=150 2.00
=100 3.00
=50 3.00
-5.0 3.00
“10.0 6+.00
-20+0 4.00
" 0.0 400
=50 5.00
=100 5. 00
=50 3.00
-10.0 6.00
=200 5«00
=200 2.00
=150 5.00
=100 4.00
T 0s0 300
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00

TABLE A-17 (cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=15+DEG

PSI
5.0
-10.0
-20+0
=150

]
] n !
oOocoQ0OULMUNOUNUOWLOVLUNNOOOO
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O(DC)O(JC)O(DC)O(DC)O(DC)O(jC)O

R
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S AR e B e O Yt - R et

7 MEASURED

+078 =0.2864
«079 =0+3455
+057 =0.5041
«084 <=0+4052
«080 -0+1484
«060 =0+218B4
«059 -0e2777
«0535 -=-0.3020
+136 =0.0894
«064 =0e4918
064 ~1.9044
«136 =-0.1867
+003 ~=0+4C67
«071 =~=0.2848
«091 -0.6242
v065 =0e¢7946
«054 ~0+1600
~086 =0+ 7283
+008B ~2.7085S
2014 -=0+2743
v 169 =0.2275
+146 ~0.0208
+049 -1+3481
«071 “0«2791
«082 =1.+9351
Y106 =0.7246
«186 -0.2352
«+191 =-0.5185
+006 <-0+3873
«050 -0+« &993
«05% <~1+1041
«072 =~0e2776
e125 <~0+3448 .
«02]1 ~De4B811
+138 ~=0+1185
e104 ~=0e 4968
276 0«0985
v 128 -0+ 6541
+073 ~0+2843
e254 =0.08086
«026 ~145415
+030 =-0.6962
036 =0. 6580
+052 =2.1114
«07’3 =0s.0879
0070 ‘0-1550
+078 =0.1232
« 050 -0.0888
c086 =-0.2170
«136 =-0.0823

FITTED
~0.2748
“NJ3427
~Ue 4360
~0+4056
~0+1474
~0+2036
-0.2323
~0.2531,,

0+0623
-0+ 4309,
-2.0884,,
-0« 4102
-003653
~0.2764,
-0.8870,,
~1+0154,
~1.0694,
-0.4928,
~2.4815
-0+2438
-0;2653*
=0.1123..
~146153"
=0.2752

© =1.49319,

-1.0836"
-0+1991
-0+5550,,
~0.9120,
~1+1543
~1+1287
-0.2713
-0+¢3575
-0+ 48779
~0+1094
-0+ 4808
"0.0810
-0+ 6102
“0.2812,
-0+1902"
'1?5474
-0. 7221
-0+ 6373,
149305
“0+1152
-0+1690
<0¢1323
-0+1390
-0+1884
~0+0945
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RUN
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
6 40
64]
642
643
644
645
646
660
661
66",
665
667
668
670
671
£72
573
674
675
676
678
681
682
683
685
686
688
689
690
691
693
694
695
6917
698

Cv
3.01
2.99
301
300
3.01
298
2¢97
2+96
297
2. 9'7
2487
2+.98
2.98
2.98
2447
24 48
296
2448
197
2+50
199
296
2.99
199
2.99
2¢51
3«00
2.00
2+99
2¢5]
2¢99
1699
250
2.50
1.99
1.99
251
250
297
2,99
2450
299
2.00
3.00
2.02
2¢ 46
2:96
296
2. 47
299
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COO0000O0O0OOOOODOO
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(RS RV RS RORSNT N,

THETA

3.00
300
3.00
3.00
3.00
300
3.00
3.00
3.00
3.00
2+ 00
4.00
500
6«00
64006
600
3.00
6+00
4400
3.00
3«00
3.00
3.00
3.00
600
300
6+00
3.00
5.00
5«00
3+00
600
S« 00
6.0C
3-00
3.00
600
600
300
6:00
800
5.00
5.00
600
800
2.00
400
3.00
600
600

]
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nwnO o
e e

[oNeNo)
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(slejejoNoReoNoNoNoNoNoleNeNoNo o Re oo
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NTOUVoSuUvmunouwmwnnoo

[]
|
o e

ZT
« 061
«066
» D49
« 028
+ 003
« 063
«070
« 071
«072
+ 053
« 062
+ 060
+053
« 048
« 058
« 232
«108
e 275
« 206
<010

"¢ 069

+ 061
«0MN
~106
108
«092
« 181
«066
+158
«043
+056
«255
«091
<037
023

«079

«034
«256
«015
«229
«279
« 185
«077
«124
e 342
«086
124
«073
«224
+134

e e T R T T

TABLE A-17 (cont'd)

MEASUKED AND FITTED PITCH MOMENT
BETA=15.DEG

MEASURED

~0.1595
=0.1699
=0.1598
~0.1487
=0.1360
=0.0191
~0.2862
=0« 4039
=0+ 5345
=0 7671
~0.0974
=0.2019
=02194
~0.2362
=0+ 5429
-0+1693
=0« 3290
0.1262
~0.0607
-0+3341
-0.1979
=0«3079
0.0057
=0.2908
-0.9002
~0.2129
-0 4627
=0.2219
-0.7886
=0.1885
03174
~0.0886
~0.2237
-0.1837
-0.3678
~0+.0268
=0+ 5295
=0.2027
=0.3090
-0.2123
=0+3299
=0.5370
-0.0778
~1.0224
“0.2144
~0.0070
=0.5266
“0.3077
-0.1812
=0.7414

FITTED
~0.1728
-0.1562
-0-1363
-0+1303
~0+1756
-0+0017"
-0.3126
=0+4486
-0+ 5809
-0+ 7192
-0+0896
-0+2120
-0.2405
~0.2670
-0.5813
-0+1359
-0.2811

0.0515
-0.0743
-0.3275

=0+1417

-0+3027
0.0304°
-C.2813
“11697"
-0+2344
=0+ 4943
=022 74
-0. 7935
-0+1039
=0+3030
-0«1 725"
~0+2489
-0+1307
-0+3544
'0.0489
=0 6007*
-0.0111
=0¢3155
-G+ 645
~0+3611
“0.4624
~0.0608
-0+8255
-0+3934
01579 "
-0+5280
-0.3138
-0.2001
-0.7866




R=-1851

-
TABLE A-17 {cont'd)
MEASURED AND FITTED PITCH M@OMENT
; BETA=15. DEG
? RUN cV W PHI THETA PSI ZT MEASURED FITTED
F 699 3.00 .225 Se0 B8.00 =10.0 <222 -0.7089 =-0.6948,
. 700 3.00 +225 =20.0 4.00 =5.0 177 <=0+2130 00300

701 2.48 +186 =20.0 5.00 =20.0 +087 -0.8531 =0.8816

- MEAN ERROR= =0.0762
STANDARD DEVIATION= 01192

DATA FILE !

A63 o

P S SR



R=1851

TABLE A-18

MEASURED AND FITTED PITCH MOMENT
BETA=20+DEG

4
2
'
.

RUN
316
317
318
326
328
329
330
331

332
337
340
342
344
345
349
351

353
354
355
356
357
358
359
362
364
365
366
368
069
370
371

374
375
376
3717
378
379
380
381

382
383
385
387
388
389
395
396
397
398
399

cv
4,00
4+00
4.00
4.00
4.00
4.00
400
4.00
3.00
400
3.00
600
3.00
3.00
500
6.00
2+00
3.00
4.00
3.00
4.00
4.00
4400
400
3.00
5.00
600
400
2.00
4400
500
5.00
5«00
4.00
400
4.00
400
3.00
3.00
5.00
3.00
5.00
600
3.00
500
400
4.00
400
3.00
4+.00

W
« 000
« 000
« 000
« 000
«000
« 000
«000
« 000
« 000
« 000
«000
«000
« 000
«000
«000
« 000
«000
«000
« 000
«000
« 000
«000
«000
+ 000
+ 000
«000
«+000
+«000
«000
« 000
« 000
«000
«000
«000
«000
«000
+ 000
«000
» 000
+000
«000
+000
«000
+000
«000
«000
«000
«000
«000
«000

PHI
4.8
4e 7
447
40 7
9.7
147
19.8
272
19.7
27.3
407
19.8
273
273
4.8
=-5.3

[
N RN |
e e @

e ®» © o o @
WA NN WRWN

|
OMNBOUVOUYHOVOOVUYVO
L ]

t
[eNe)
. o
~N W w

e
4e 8

=0.+3

-5.3
0.3
4o T
197
148
448
=5.2
9.7
27+ 4
4.8
=0.2
-5.3
9.8

THETA
3.70
3.70
3. 60
3. 60
3.70
3. 70
3+ 60
3¢ 60
3. 60
4. 70
2+ 60
3. 70
570
Se 60
5. 60
6. 70
6+ 70
6¢ 60
6.70
6. 70
670
6. 70
670
S« 60
5. 70
5. 60
4¢ 70
2. 60
2. 60
2+ 60
2+ 60
3« 60
36 60
3.70
3« 60
3. 60
3. 60
3. 60
2¢ 60
24+ 60
2. 60
2+ 60
2+ 60
64 °70
6+ 60
5. 60
3. 60
3« 60
3. 60
3. 60

vwno
s ¢ (n

[cNeNoloNeoNoNalolo RN )

0000000000000

L ] L] [ ] * L] L] L] * L] * * L] L ] L] * L]

]
;v wnoo
L]
0000000000000
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Duvuunnuuuununnuunuunu
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O00000000DO0OO0ODO00O0O

(@)
.

1G0

zZT
086
088
« 131
«116
«070
+ 047
«025
«006

. 191

«179
« 098
« 141
281
«173
«053
« 051
« 068
«110
«186
«236

"+ 069

«060
«061
0065
266
170
132
«109
172
045
e145
«069
067
«087
+ 081
064
084
o148
117
.076
. 028
+153
. 151
«310
«040
176
«081
«0B84
e 146
087

MEASURED
~0.2579
-0.2570
02629
~0+«3902
-~0.2676
02636
-0.2811
~0+2546
-0.0092
-0.0715
-0+1555
=-0+3005
01502
-02005
~0.2234
-~0+3626
'001777
-0+ 4030
-0+8032
-Ce+ 4295
-0+ 4614
-0+ 4572
-0+ 4601
-0 4333
-0«0626
=0 4498
-0.5586
“0.2191
-0.0494
~0«2658
-0.2833
-0 3068
-0.3081
-0.2909
-0+2847
-0.2159
-0.2853
-0.2093
-0.1811
=0+3142
01655
00590
-0+ 5328
-0.0798
~0+3241
-0.2408
-0.2733
02705
-0.1922
=0.3687

FITTED
-0.3012
-0+3059
‘0?3210
-0+3246
“0+2534
-0.2107
'00'975
~0.2900,
‘0.1269°
=0.0944
-0.1928
’0‘5464:
0.8080"
-0.1289
‘003338:
-0.4812"
-0+2073
-0.3837,
-0+ 6015
-C» 4303
-0+3314
~0e2654,
-0.2700,
-0+¢3041

T 0e1431°7

-0+ 5065,
-0. 7361
-0.2275,
-0.0094,
-0.1308"
-0+2630
-0.3051
-0.2933
-0.28 71
-0«2784
-0¢2130
-0.2698
-0.2106
=0+2013
'002770
~0+1442
-0.2377
~0¢3668
-0.0420
“0+¢3446
-0+ 4159
;002783
'002753
“0+41937
-0+3588




g ==

. R=1851
TABLE A-18 (cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=20+DEG

1

g RUN cv W PHI THETA PSI 7T MEASURED FITTED ..
400 5.00 +000 197 3«60 100 «019 =0.4737 =0.3668

~ 401 4.00 000 14.8 3.60 100 «163 -0+2664 =-0.2952
402 3.00 000 14¢7 6460 10.0 223 004636 ~-0+4348

' 403 3.00 +000 4e7 6460 100 «152 =-0.5929 =0.5250 .

) 404 5.00 +000 =03 6460 100 +091 <-0+8299 =0+ 6958

r 405 2.00 +000 =53 6460 100 +120 =-0.2098 =0-1598

406 4.00 000 273 6460 10«0 =.027 =0.3044 -0.3230
: 407 3.00 +000 27.2 6460 100 =+025 =-0.1822 =0-1548
: 408 2.00 +000 19¢7 4. 60 10.0 .038 =-0.1305 =-0.1006

: 439 4.00 <000 9¢7 2460 10+0 063 =-0e1935 =0s2147

; 410 3+00 +000 27.3 5460 10+0 =+016 =-0+2656 =-0+2931

g A11 3+00 000 =52 5660 1040 +211 -0+2567 =-02890

i 412 300 +000 =53 560 100 +212 -0.2524 =-0.2861 ,
413 5.00 <000 =5+2 5450 150 089 -0.7890 =-0-6413
414 3.00 +000 =0¢3 Se60 150  +201 <-0+3158 ~-0-3695
415 5.00 <000 19.7 5¢50 15.0 +028 -0+8089 =0+7595,
417 5.00 <000 -0+3 5¢50 150 +057 =0.3302 =0.4872

419 6.00 <000 27.2 3460 15.0 <-+048 =0e1797 <=002948
420 4.00 <000 14.8 2460 150 +056 =-042638 =0.2740

421 3.00 +000 4.8 2.60 15.0 +109 =-0+1851 =0+1995
422 3.00 +000 9.8 2460 150 © +152 <-0+2176 =0+1588
423  4.00 +000 14.8 2.60 15.0 130 =0+2691 -0e3117
424  6.00 <000 4s8 2.60 15.0 <125 =-0+7605 =0.7274,
427 5.00 <000 148 4.50 15.0 +077 =-0.9228 -0.7438
428  4.00 +000 4.8 4,60 15.0 +215 =-0.2833 ~-0.3041 ,
429  4.00 <000 =0+2 4¢70 15.0  +290 0.4770 0.2603
430 6.00 <000 -5+2 4.60 150 +080 =-0+8541 -0.8427

431 3.00 000 148 4.60 15.0 «135 =0+4272 =0+3994
432 5.00 «000 14¢8 4. 60 15.0 «033 =-0.2933 -0.5288
433 3.00 .000 147 4460 15.0 «056 =0+2345 =0.2742 j

434 4400 +000 =0+3 4.60 15.0 «063 =-041950 =0.2512 1
435 2.00 000 "4s7 6470 15.0 «123 -0.2169 -0.2254,

436 6.00 000 9.7 6470 15.0 041 =0+3615 =0.9171

437 3.00 <000 27.2 6460 15+0 «001 =0+4360 =0+4467

438 4.00 <000 -5.2 6060 150 «185 =-06305 =~0.5993

439 4.00 <000 =03 6460 20.0 ¢051 =0.2264 =-0.2129 .
440 3400 000  4+7 5460 20.0 +075 =-0s1825 =-0+2368 c
443 6400 +000 272 S¢50 200 =+013 =-1e4481 =1.2968 i
445 2.00 +000 27.3 4+.60 20.0 «138 <-0¢1144 <=0.1114 |
446 4.00 <000 27.2 460 20¢0 =025 =0+4240 =0.4546

447 2.00 ~000 198 4+ 60 20.0 112 =0+2229 =0.2139

448 3.00 <000 4.7 4+ €0 20.0 «115 =-0+3603 =-0.3231

443 3.00 000 97 4. 60 2040 e065 =0+1655 =0.2349

450 4.00 +000 =0+3 3«60 20.0 «0BS =0+2977 =0.2876

451 3.00 000 197 3+60 200 +057 =0+3283 =-0.3109
453 6.00 +000 9.8 3e60 20-0 «119 =1.15%1 =1.1710
454 4.00 000 9.8 3.60 20.0 +190 =~0+2876 =0.2064
455 600 <000 197 2+60 20.0 +032 =0.7097 ~0+8218
456 4.00 «COO0 14.8 2+60 20.0 «072 =0+3487 =043407
457 4.00 000 198 1.60 200 014 =0+1598 <=0.1447




['g R=-1851
E TABLE A-18 (cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=20.DEG

RUN  CV W PH1 THETA PSI ZT MEASURED FITTED
459 4.00 +000 4.8 3460 5.0 +077 =0+2832 <=0+2667
211 2.07 +052 0.0 300 0.0 +106 =-0.0992 =0¢1385
212 2.96 +074 0.0 3.00 0¢0 +079 =0+1521 =0e1554
213 3.92 +098 0.0 3.00 0+0 070 =0+2333 =0.1944
214 5.00 125 0.0 3.00 0.0 +056 <-0+2895 =0.2281
215 5496 +149 0+0 3+00 0.0 047 =-0+3853 =0.3130
216 2+94 074 0.0 3.00 0.0 +069 =0e1272 =0.12861
217 3.01 <075 0.0 3.00 0.0 +106 =0+2064 =0.2059
218 3.02 +075 0.0 3.00 0.0 146 =0+1713 =0-1927
219 3.97 «09¢ 0.0 300 0+0 122 =0.3405 =-0.2848
220 4.00 100 C.0 3.00 0.0 147 =-001936 =0+2554,
221 5.00 125 0.0 3+00 0.0 +120 =-0+5343 =-0s3992"
222  4.95 124 0.0 3.00 0.0 +146 =-0e2826 =0+3492,
223 5096 +149 0.0 3.00 0.0 +116 =0+BS5C5 =0+5667"
P24 3400 075 5.0 3+0C 0. .074 =0+1558 ~-0+1458
225 2.97 +074 =50 300 0. .074 -0+1524 =0+14T1

P26 2499 o075 =-10.0 3.00
227 2499 +075 =15.0 3.00
928 2.97 +074 =20.0 3.00

0

0

0 069 <=0+41751 =001466
0 +060 =0.2245 =0+1525
0
0
0
0

0.

Qe

0. 048 =-0+1454 ~-0.1760,
929 2.95 +074 =27.5 3+00 0. 029 -0.1360 =0.2942
230 2.98 074 0.0 3.00 Se «079 =0.1128 =-0.1125
231 2.98 074 0.0 3.00 -5 078 =0+1854 =0+1944
232 2.94 4073 0.0 3.00 =-10.0 +079 =0.2218 =0.2213
233 3.02 +075 0.0 3.00 -15.0 +078 =-0:2764 =02555
234 3.01 075 0.0 3.00 =20.0 +088 =0e3136 =-0.2939,
235 2.98 075 0.0 2.00 0.0 088 =0e1174 =0+1863"
236 3.00 +075 0.0 4.00 0.0 +078 =0+1953 =-0-1788
237 3.0' 075 0.0 5.00 0.0 +081 =0.2612 =-0.2261 {
238 297 +074 0.0 6400 0.0 +065 =0.2192 =01437, 3
239 4.90 123 5.0 2.00 0.0 123 =0+1430 =-0+3250" i
240 4.00 100 =5.0 3.00 0.0 +125 =02790 -0.2769,
041 5+99 150 =1%.0 S.00 ~-10.0 v014 =0+7777 =0+9051
542 599 150 =-27.5 6.00 -5.0 ~-.038 -0.9335 =-0+7926"
543 3497 <099 =-27+5 6.00 =200 <-+046 -0.6932 =0+ 6580
o44 2.99 <075 =5:0 3.00 -5.0 077 -0+1968 =-0.2058
245 4e91 4123 5.0 3.00 =200 056 =-0+6897 =0.7863
046 174 +044 =150 6400 0.0 155 =0.1504 =0-1846, :
547 3.90 <098 =-10.0 2.00 =200 111 -0+ 7443 -0¢5999
D48  4.96 124 5.0 2.00 =50 +059 =-0+3546 <-0.3696
550 3499 +100 =5¢0 6e00 =-20.0 <058 ~-0.5798 -0. 6171, ;
252 6+05 151 =100 300 5.0 105 =-0+1958 =0+3756, ‘
554 3.98 +099 <-20.0 4¢00 =5.0 104 -0+4174 =05568"
555 2.99 075 =-10.0 3.00 =-10.0 136 -0+2646 =-0.2927
556 2.97 074 =50 300 =5¢0 +079 -0.1935 =-0.2079,
259 5.02 +125 =20.0 400 5«0 135 0.0194 -0.3304
561 3.00 075 =50 2.00 =10:0 c067 =001772 =0+2317
562 4.01 +100 =50 600 =150 059 -0+5368 =-0¢5543
563 D2.10 +053 =-15.0 2.00 =200 <055 -0.1824 ~-0.1922,
264 606 152 5.0 3+00 =-20.0 +052 -1.0941 ~1e5473

265 6+09 152 51500 2.00 flS{O «027 =0.9915 f1-096l
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TABLE A-18 (cont'd)
‘ MEASURED AND FITTED PITCH MOMENT

4 BETA=20.DEG

b RUN  CV W PHI THETA PS1 ZT  MEASURED FITTED

4 D66 4.00 100 =10+0 500 =200 +0B6 =1.0076 =0.8793™

3 267 4¢93 +123 =150 2.00 -20+0 «063 =140194 =0-96217
D68 2¢98 074 =50 3400 ~5¢0 +078 =~0+1852 =-0.2062

, 269 2.03 +051 =150 4¢00 =150 +069 <=0.2069 =~0-1873,
270 597 149 =5.0 5400 5S¢0 <095 =1.5204 =-0.6728,
271 4495 <124 =100 2.00 =100 +056 =0.2832 =-0+5297

' 272 5493 148 00 2300 =5¢0 <067 =046657 =-006588

: 273 500 <125 =5.0 2.00 5S¢0 +069 =041696 =0+1025,

; 274 5495 +149 =5.0 3.00 0.0 «099 =0+7600 =0¢5435 5
275 497 124 =20+.0 5.00 5¢0 «040 =0+4955 =-0.4697,, '
276 5¢98 150 -25.0 5.00 =5¢0 031 -1.3758 <-12675, ;
278 5.62 140 SeD 6400 =150 104 =-1.7829 ~-1.4121"
279 2.75 +069 =50 3+00 =50 093 =-0+1686 =0.2136
2B0 3+69 092 =15.0 5.00 Se0 +021 =-0.0806 =-040356
282 4.09 <102 -20+0 4.00 =100 083 -0.7326 -0.7244
283 4492 123 =100 2.00 =150 +066 =-0+5640 <-0.7461
284 2.06 +052 =20.9 3.00 Se0  +062 =-0+0596 =0.0513,
285 4¢84 121 =25.0 5400 =150 +025 =1.4676 =1.2803"
312 2.26 +085 0+0 3.00 0+0 +095 =0.1188 =0+1313
313 3.20 +120 0.0 3.00 0+0 +084 =0.1719 =0+1800
314 4.29 <161 0.0 3.00 0«0 - +055 =-0.1680 =0.1788
315 Se24 196 0.0 3.00 0.0 <046 =-0.2047 =-0.2735, ,
316 6414 230 0.0 3.00 0.0 «037 =0.2170 -0.4334 !
317 3.12 117 0.0 3.00 0«0 +063 =0.1119 =-0+1109 ;
318 3.01 +113 0.0 3.00 0+0 +125 <=0+2034  =0.2053 :
320 4.16 +156 0.0 3.00 0.0 +«125 =-0.3788 <-0.3226 :
321 4.05 152 0.0 3.00 00 +125 =0.3561 =0.3091 ;
324 4.99 <187 0.0 3.00 0+0 +129 =-0+5104 =-0.4569 :
325 4499 +187 0.0 3.00 00 +152 =003294 =-0¢4020 :
326 3.01 113 5.0 3.00 0.0 «078 -0.1461 =-0.1533 i
327 3.01 +113  =5.0 3.00 0«0 +081 =0.1240 ~-0+1625 S
328 2.99 +112 =10.0 3.00 0«0 «071 =0.1600 =0¢1464 |
329 3.01 113 =15.0 3.00 0.0 +051 =0.1635 =-0+1284 !
330 3.02 +113 =20.0 3.00 0.0 +044 =0e1553 =0e1724 l
331 2.99 +112 =27.5 3.00 0.0 +021 =-0.1420 =-0+2958"
332 2.95 <111 0.0 3.00 Se0 +041 =0.0029 00551 "
333 3.05 114 0.0 3.00 =5.0 092 =0.2250 =-0.2481
334 2.81 +106 0.0 3400 =1040 097 =-0.2572 =-0+2748
335 2.81 +105 0.0 3+.00 =150 «098 =-0.3077 =-0+3131
336 2:83 +106 C.0 3.00 =20.0 +068 <-0+2803 =0¢2579
337 2-87 +107 0.0 2.00 0.0 +105 =0.1128 =-0+1872"
338 2.90 +109 0.0 4.00 0.0 <078 =0+1625 -0+1647
341 3.06 115 0.0 5.00 0.0 <081 =02377 =-0.2299
346 1.90 071 =20.0 4.00 5¢0 +136 =0.0824 0.0436"
347 4.06 152  =5.0 3.00 =50 +086 -0+4083 =-0.4108 ¥
348 4.97 <186 S¢0 4+00 =20.0 +086 =1.24023 =-1+3009 '
349 499 187 =15.0 4.00 50 175 041987 =-0.1203" {
350 3¢01 <113 =50 300 =50 <087 =0¢2179 =02460 j
351 4405 +152 =15.0 600 0+0 019 =0+2673 =-0.2492
352 5.94 .223 0.0 2.00 =50 ¢G40 =0¢4115 =0+6746"




RUN
2 353
355
359
‘ 360
. 361

362
- 363
: 364
; 365
366
370
37
372
373
374
376
378
379
380
381
384
386
387
390
395
396
397
398
399
402
403
404
405
702
703
704
705
706
707
709
710
711
712
713
714
715
716
717
718
719

cv
4499
5.00
400
400
S5+99
4.01
404
4.03
2497
A4¢ 97
Se52
502
2.99
1497
292
S«00
4.02
6.01
4497
2+99
595
4485
S«12
6410
423
3¢19
3¢15
410
3«07
606
3e11
2+.98
404
2+99
198
2e 49
3.01
2.99
2.99
3«01
3¢01
3«01
3.00
3.00
3.00
3.01
3.00
3.01
3.01
3.01

W

« 187
« 187
150
« 150
« 225
+150
« 152
«151
e111
+» 187
« 207
*188
s112
«074
«109
« 187
151
2225
« 187
112
«223
+ 182
°192
+229
158
<119
«118
«154
*115
227
117
112
151
e 224
* ) 49
187
* 226
«224
«224
226
«226
° 226
« 225
« 225
«225
226
«225
« 225
+225
+226
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TABLE A-18 (cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=20.DEG

PHI THETA
=200 5.00
=200 5.00
=25.0 S.00

0.0 4.00
=250 S5.00
=150 6.00

5«0 4.00

=5:0 3.00
“5.0 3400
=100 6+ 00
=50 3.00

5S¢0 3.00

5¢0 2.00
=200 6.00
-20.0 600

=50 2.00

0«0 6.00
~20.0 2.00
=200 2.00

=50 3.00
10«0 3.00
150 3.00

=5«0 3.00

5S¢0 S.p00
=100 6.00
=275 4. 0D

=50 4.00

-5«0 5.00

=50 3.00
=100 2.00
~10+0 5.00
“15¢0 6.00
~20.0 5S.00

0.0 3.00

0.C 3.00

0.0 3.00

0«0 3.00

0.0 3.00

0«0 3.00

5¢0 3.00

=50 3.00
~10.0 3.00
~15.0 3.00
=200 3.00
~27«5 3.00
0.0 3.00

0.0 3.00

0«0 3.00

0.0 3.00

0.0 3.00
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-20.0

A6S

ZT
072
«079
«098
« 209
«011
«016
«192
« 129
+ 091
«055
+090
e 069
»094
«187
*105S
.071
« 126
«004
+ 082
« 082
+094
« 092
el1 4
+ 089
«038
« 128
«097
«137
v 061
« 040
+151
« 135
+ 090
«093
+123
«103
0N
*115
176
«085
« 091
e076
«0S7
« 028
« 006
+ 088
«099
* 099
«103
*104

MEASURED
=0« 7129
-0« 6554
~0+1948
0.2053
244763
~0«1945
=017
=0.2928
=0.2162
11119
-1+ 7805
=0+3529
~0.3640
~0+2213
~0+4734
~0.2688
~1+218S
-0+3748
~0+2200
“0.2135
~0+2436
=0+ 6041
=-0«7709
-2.0056
~0+4074
“0.0719
=0+ 4595
-0+5012
01710
=0.0739
-0+ 6332
-0+ 6906
09857
=0e¢1467
-0.0921
=0+1124
=0+0946
=0+1923
-0.0317
~0+1500
-0¢1520
=0+1654
-Q0.157
=0+1385
=0+1405
~0.0034
~0+2652
-0.3880
“0+5050
'0;6063

FITEDA%
~0+8613
=08 792‘,_
-0.5226,
=0:0266,
~2.2604"
“0e2111
~0e4975"
=0+290}
-0'2472u
-1¢5075"
~1+8520
'003928
“0:3784
-0+2081
-0. 6085"
=0.2988
=1.0320]
-0.2481
-0+5822"
=0.2309
=0+3895"
-0+ 660)
-0+ 7261
-2.0142
-0¢ 4454,
“0+1993
-0+ 4669
“0De 4227
=“0e¢1759
-0+0788
“0+5697
“0e 6877
-0.9883
-0.1476
-0+0801
~0.1055%
-0.058)
'001714'
-0+0898%
-0:1356
'0;1483
-0.129]
=0.1170
“0e1144

“0.2748 ¥
0+0087

-1-2865
- (' 40 63
~0.5203
~0- 618]

-




RUN
720
721

722
723
724
726
728
730
731

732
733
735
736
737
738
741

743
T44
746
747
749
750
751

752
754
755
157
758
759
760
761

763
764
765
766
769
771

772
773
174
775
7717
780
781

(0RY)
3.01
3.02
3.00
3.01
253
253
299
299
195
2e¢ 49
3.00
1697
3.00
3.00
199
2+ 48
2453
2.04
301
3.01
3.07
257
2¢57
2.07
200
214
2451
2451
251
3.00
3.00
2+ 51
299
299
2.02
25!
3.00
3.00
298
2+ 49
298
249
2.97
2+ 48

W
«226
226
.225
«226
« 190
«189
«224
224
e 147
« 187
225
148
«225
«225
o149
«18B6
«190
«153
« 226
« 226
+230
«193
«193
« 155
«150
« 160
«188
« 189
« 188
«225
+ 225
+ 188
2224
«224
«151
+ 188
«225
«225
«224
«!86
«224
187
« 223
»186

R=1851

TABLE A-18 {cont'd)

MEASURED AND FITTED PITCH MOMENT
BETA=20.DEG

THETA
2.00
4.00
5.00
6.00
6«00
8«00
3.00
6.00
5.00
3.00
3.00
3.00
3.00
6.00
3.00
3.00
8.00
300
5«00
300
600
5.00
600
300
600
3.00
8.00
600
600
300
5.00
700
5.00
5.00
500
8.00
2.00
5.00
3.00
4.00
6+ 00
800
6.00
S.00

PS1 ZT
0.0 « 090
0.0 « 100
0«0 «094
0.0 « 089
=200 «+ 084
=50 « 256
=5.0 e 165
5.0 «267
-10.0 «249
-10.0 =+010
=50 «100
-10.0 «079
5«0 « 094
-10.0 «14]}
=15.0 «137
=50 +132
=100 «273
=100 « 092
-20.0 242
=5.0 «+0B6
=50 «166
0.0 +129
0.0 «061
=200 =018
0.0 257
5.0 120
-20.0 «339
=15.0 « 062
-10.0 + 2930
-5.0 «094
0.0 2517
0.0 « 301
=5.0 «103
-15.0 «183
S0 «372
-15.0 «234
S.0 2107
-10.0 + 151
-5.0 «103
0.0 251
=50 176
=10.0 « 330
-5.0 212
-20.0 «+104
MEAN

A69

MEASURED
=0.1033
~(+«1988
=0.2291
'002572
-0. 5912
-0. 4159
-0.2403
0+0070
-0.1662
-0.3327
-0«2743
-0+1730
0.0t 69
=0 7554
-0.2827
-0.2102
-0+4365
-0e1966
-0+«4124
-0e1740
-0« 68395
=0.22234
-0+1791
-0«3367
«0+1395
0.01 62
-0.3583
-0.,4857
-0.1810
~0«2777
02057
-0+.1738
-0«3757
-0. 7271
0. 4033
-0.8239
0.0735
-0+5956
-0.,2708
0.1088
-0+ 6459
-0« 3009
=(+3900
“0e 7515

ERR@R=

STANDARD DEVIATION=

FITTED
=0+1426
=0+2125
-0.2518

-0.270
~0+2916"

-0e 41 65

-0.2517
-0+0399 °

-0.1801

-0+.3884
~0e2976
=0.1875

0.0302

-0¢9976
-0.2257
-0.2036
04476

-0.1841
'007366;
-0+2759

=0+« 6803
-0.2099
=0.1920
=0+ 3991

=0.1455
0+0700
-0-6419 "

=0+5176
~0.2221

-0.2878
0«1511

0.1187"

-0+3798
-0« 7264
0. 4192
~0+8548
0.0 740
-0+ 6948

-0.2951
0.2149 "

=0+ 6397
-0+3314
-0.3809
-0+.8094

0.0122
0.1056
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TABLE A-9

5 MEASURED AND FITTED SIDE FORCE

: BETA=10.DEG

J

] RUN Qv w PH1 THETA PSI ZT  MEASURED FITTED

, 3 4.00 .000 2.1 2.60 0.0 +043 0.0C85 0.0090

- S 4.00 <000 4¢ 6 2450 0.0 +035 0.0082 0.0103

’ 6 4+.00 000 7.2 2.60 0:.0 +139 0.0B64 0.0753

N 7 4.00 +000 9.7 250 0.0 +020 0.0182_, 0.0213
8 4.00 000 12+2 2.40 0.0 <011 0.0222" 0.0327

’ 1 4.c0 +000 4.7 2.50 5¢0  +028B 0.0242 0.0237
2 4.00 4000 0«1 2.60 0.0  .048  0.0095, 0.0068

; 9 4400 +000 0.0 2.60 =5.0 +046 -0.0101 -0.0166

: 10 4+00 000 0.0 2.60 5¢0 <046 0.027 0.0302
11 4400 +000 0.0 2+.60 100 +04B 0.0468 0.0529

b 12 4+.00 .000 0«1 2.60 150 .047 0.0663 0.0681
13 4,00 +000 O¢l 2460 200 <046 0.084) 0.0705
14 4.00 000 Os1 1.60 0.0 062 0.0102 0.0068
15 4,00 .000 0«0 3.70 0.0 +039 0:.0084 0.0067
16 4,00 +000 0.0 4.70 0«0  +036 N.0078 0.0067
17 4.00 000 0«0 S.70 0.0 <032 07078 0.0067
18 4.00 .000 0«0 2460 0+0 +038 0.0073 0.0067
19 4.00 .000 0«1 2.60 0.0 .06l 0.0099 0.0069
21 4.00 .000 0«0 1.60 0.0 +048 0.0082 0.0067
23 4.00 .000 0«0 1.60 0«0 +049 0+0076 0.0067 1
24 4.00 .000 Se1 2.80 0.0 +039 0+0150, 0.0147
25 4.00 .000 0+1 2.70 0.0 .101 0+0133" 0.0072 ;
26 4.00 .000 0«1 2.70 0.0 .159  0.0124, 0.0077 1,
27 4.00 .000 0.1 2.70 0.0 +170 0.0130° 0.0078 i
29 2.00 .+000 0.0 2.60 0.0 +083 0.0063 ".0067 o
30 3.00 .000 0.0 2.60 0.0 .057 0.0069 0.0067 '+
3t 5.00 .000 0.0 2+60 0.0 040 040102, 0+.0067 o
32 6.00 .000 0.0 2.60 0.0  +035 0.0124. 0.0067 i
34 5.00 «000 2¢4 2:.46 -5.0 076 =0.0350" -0.0667 )
36 2.00 .000 Ted 5¢50  =-5.0 +287 -0.0576" -0.0987 .
37 3.00 .000 5S¢0 450  20.0 +058 0.0739, 0.0745 =
40 4¢00 «000 124 4¢S50 20.0 .007 00604, 0.1780 o
41  3.00 .000 S¢0 4+S0  20.0 .03 0.0243" 0.0503 e
42 200 +000 10+0 4+50 20.0 079 0:0734, 0.0827 i
43 2.00 .000 10:0 4:50 20.0 .056 0.0462" 0.0736 |
424 5.09 0090 Ted4 4450 200 <019 0+0658 0.0633
45 2.00 .000 12¢4 4.50 20.0 <124 0.1688 Oe1754
46 3.00 <000 10+0 3450 20.0 <110 0+.3068 (.2782
A7 4.00 .000 10+0 2¢50 20+.0 .042 0.)28) 0+1688
48  4.00 .000 0«1 6:50 20.0 1)) 0.2391 0.2497
49  6.00 +000 9¢9 2440 20.0 +034 0.2067 0.1790
50 4.00 .000 4¢9  5¢60 20,0 +243  1.34%5  1.3152
51 3.00 .000 0+¢0 5450 200 059 0.0656 0.0425
52 4.00 .00G TeS 2450 2040 <056 041642 0.)663
53 4.00 .000 2+4 3.50 20«0 +112  0.3105 0.3409

5S4 3.00 .+000 2+.5 5.50 20.0 +033 0.0314 0.0342
5% 5.00 .000 O«1 6450 10.0 *+04%  0.0635 0.-0636
56 2.00 +000 100 4.60 10.0 +030 0.0)6)* D.DS33
$7 4.00 .000 5¢0 2.56  10.0  +036 0.0275% 0.0507
S8 2.00 .000 1265  6¢50 100 -.005% 0:0160™ 01274

A70
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RUN
5%
60
61

L 62

63

4 6.4

: 65

| 66
¢7
68
69
70
71
72
73
T4
76
77
78
79
80
81
g2
83
84
85
87
g8
89
90
91
92
93
94
95
97
98
99

100

101

102

103

105

106

107

108

109

110

111

112

R

cv
4.00
4.00
4. 00
3.Q0
5.00
3.00
4.00
5.00
300
6.00
3.00
600
6+00
4+ Q0
2.00
4. 00
S« 00
2400
600
3~00
3.00
4+ 00
4.00
3.00
300
4.00
200
4.00
200
600
2+00
5«00
6. 00
600
600
4+00
5.00
3.00
4.00
4.00
6.00
300
5.00
4.00
3.00
4.00
200
3.00
3+00
3.00

w

« 000
«000
« 000
«000
+000
« 000
«000
+ 000
+ 000
<000
« 000
+000
+ 000
+ 000
+000
+ 000
«+000
+ 000
« 000
« 000
<000
« 000
« 000
+ Q00
«000
+ 000
« 000
«0NO
+ 000
«000
+000
+ 000
+ 000
«000
« 000
<000
« 000
« 000
<000
« 000
« 000
«000
+000
«+ 000
« 000
« 000
«C00
« 000
« 000
«000

-
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TABLE A-19 (cont'd)

THETA
Je 60
3« 60
350
2+ 50
250
2+ 60
2+ 60
6+ 60
6« 60
Se70
6+ 60
S« 70
Se 60
S« 60
Se 60
3. 60
5. 60
570
S. 70
Ss 60
Se 60
44 60
6+ 6C
6+ 60
2+ 60
2+ 60
2+ 60
2+ 60
5. 70
6+ 70
4+ 60
3. 60
350
4. 60
S« 60
S« 60
S+ 50
6+ 60
6. 60
3.50
250
2+ 50
350
350
6. 50
6+ 60
6 60
6+ 50
S« 60
S« 60
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LI B S |
nuyagwnm
.

=50
-5.0
-5.0
=50
-5.0
=-5.0
~5.0

S«0

0.0
100
10.0
100
10.0
10.0
10.0
10.0
100
10.0

A71

T
« 040
« 029
«043
«054
«035
«013
+ 039
+022
<020
+ 006
240
<016
«012
«102
« 060
+ 041
« 026
+ 329
«015
«112
247
w117
+099
«049
2044
+026
«135
+0 61
+ 285
+014
«119
+ 027
+110
«078
« 002
+ 037
«097
» 142
«034
+ 039
+ 105
« 122
«013
« 045
158
«+006
«057
« 0177
« 135
«006

MEASURED AND FITTED SIDE F@RCE
BETA=10.DEG

MEASUREQ
0+0146°
0.0099
0.0237*

0. 0173+
0.0209

0.0083°

0.0107 %
0.0212 ¥
0.0341 ™
0.0378
0.0198 "
0.0253 %
0.0191 ™

0.2321
0.0137
0.0227
0+0125
0.0392
0.0004 ™
01046
01880
01773

0- 0898'

0.0041

=0.0125

~0+0184

0. 0?15
-0+0551}
-0 0277
-0.0042 "
=0.0181)

0+0144
0. 0177
=0« 0099
0. 0614
“0- 0195
=0. 0080
0.0171°
0+14106

0¢1264,

0+0448
0.0524
u-2103
0.0349 "
00157
0+0657
O 0796
0.0236"

040497

FITTED
0.0305
0.0228
0.0449
0.02323
0.0317
00373
0.0365
0.0358
00629
0+0469
0.1442
0.0093
0.0289
0.2250
0.0098
00309
0.0123
00405
0.0185
0.1013
0.]762
01410
00386

0‘0024’:'0-0064

0.0062

¥ 20.0062

-0.0290
. ~0.0208
‘0-0964
0.0005
-0.0108
“0.0169
-0.«1112
. =0+0534
0~0056
00204
‘0-0261
. =~0.0505
0.0037
0.0296
0+1204
0.1170
0.0740
0.0689
0.2152
0.1294
0.0135
0.0470
00974
0.1236
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TABLE A-19 (cont'd)

MEASURED A%D FITTED SIDE FORCE
BETA=10.DEG

3
b
F RUN cv W PHI THETA PSI ZT MEASURED FITTED
» 113 4.00 +000 2.4 3.60 Se 0 «038 0.0209 0.0288
~ 114 4.00 .000 0.0 3¢50 15.0 042 0.0524, 0.0525
115 4+00 +000 12:5 3¢ 60 150 <001 0+0400"° 041356
; 116 3.00 000 Ted 2460 15+0 +139 0.2775, 0.2911
| 117 4.00 000 7¢4 2450 1540 «030 00491  0.0758
. 118 3-00 .000 5S¢0 2.50 15.0 «067 00796 0.0826
| 119 3.00 000 2.4 2450 150 +057 0.0475 0.0564
; 120 6+00 000 2.4 2450 150 « 069 02704 0.2890
‘ 121 3.00 +000 0+0 2.60 15.0 172 0.3721 O+ 3446
; 126 600 .000 4.9 2.50 20.0 + 065 0.3229 0.3297
: 127 400 <000 5.0 2460 20.0 «137 045450 0+ 5506
- 128 600 +000 1245 5.50 200 .022 0.2217, 0.2221
f 129 2.00 +000 1265 6460 0.0 +057 040231, 0+0497
130 500 +000 6o &  KANK 7.5 =+181 0.0033" =0+1856
131 6.00 000 -5.0 6.70 0.0 «022 -0+0015 =-0.0019
132 3.C0 +000 9.9 3.60 0.0 . 148 0.0752 0.0826
133 4.00 +000 7e4 3460 5.0 « 145 01929, 0.2369
134 3.00 000 99 370 5.0 . 224 0+2241° 043234
135 4.00 «000 2¢4 3.60 5.0 «040 0+0158, 0.0301
138 400 +000 =5.0 5460 20.0 221 1.0989 0.9670
139 4+.00 +000 -S5«1 3.60 5.0 044 0.0186 0.0186
1 1497 049 0.0 3.00 0.0 «057 0.2562 0.2636
2 198 <050 0»0 3.00 0.0 « 058 0+2610 0+2662
3 315 079 0.0 3.00 0.0 « 029 0. 6588 0.+ 6581
4 4.01 100 0.0 3.00 0+0 022 1.0 600 1.0576
6 5430 +133 0.0 3.00 0.0 +033 148350 18497
8 6.00 <150 0.0 3.00 0.0 + 032 2.3791 2.3773 i
10 3+01 «075 -2.5 3.00 0.0 «042 0.5943 0.+ 5992 b
9 3.12 +078 5.0 3.00 0.0 +038 0+ 6447, 0. 6464 ]
11 302 <076 -5.0 3+00 C.0 037 07775 0+ 6027
12 295 +074 =7¢5 3.00 0.0 «033 05746 05703
13 2¢98 +075 =100 3.00 0.0 .032 0+ 5741 0+ 5705
14 2+96 +074 =125 3.00 0.0 «026 0. 5522 O« 5445
15 295 074 0.0 2.00 0+0 064 05679 0+ 5731 5
16 2.99 +075 0«0 4.00 0.0 e047 05847 0+ 5895 A
19 2.72 +068 00 5400 0.0 «041 0.4933 004912 S
20 2.68 4067 0,0 5¢00 0.0 + 041 0+.4768  0+4770 ©
21 3.14 079 0.0 6400 0.0 +033 0+ 6556 0. 6553 :
22 2.01 +050 ~7+5 6.00 0.0 +089 0.2440 0+2560 »
23 2.98 +074 0.0 3.00 0.0 «025 045919 0+ 5899 o
24 297 074 0«0 3.00 0.0 072 0. 5843 0¢5757 S
25 2446 +062 0.0 3.00 040 + 151 0.+ 4027 03917 S
26 3«46 <087 0.0 300 0+0 +103 0e 7997 0. 7799 ’ b
27 296 <074 0.0 3.00 0.0 127 0.5782 05665 e
; 28 2.93 073 0.0 3.00 0.0 « 181 05709 0¢5576 -
’ 30 4.49 112 0«0 3.00 0.0 +193 1.3192 13329
S 31 5.03 <126 0+0 300 0.0 115 1+ 6998 1+ 6609
- 32 3.15 +079 0.0 3.00 =50 «055 0. 6368 0+ 6290
A 34 3.07 077 ~2¢5 3.00 -5.0 +054 0« 6030 05976
o 35 5.82 <146 0.0 3.00 -5.0 « 049 2.20MN 21692




R~185]

TABLE A-19-(cont'd)

»
g

MEASURED AND FITTED SIDE FORCE
} BETA=10.DEG

k
- RUN CV W PHI THETA PSI ZT MEASURED FITTED
o 36 5¢77 +144 =12+5 600 =50 +008 2+1530 2+1498
. 37 4.91 123 540 200 =540 +040 145511  1.5413
38 2.87 «072 =10+0 4400 =50 157 043882 043599
i 39 5.96 <149 -12.5 5.00 =5.0 +045 2.1908, 21885
S 40 3.00 +075 0.0 3.00 =-10+0 «135 0+5497 0.4288
: 41 6+02 «1S50 =745 5.00 -10.0 025 2.2902 2+2821
; 42 2.95 +074 =2.5 2.00 =10¢0 «+057 0+5318 0+5286
3 43 5.21 <130 =50 2.00 =100 022 1+7189  1.7250
a 46 5409 +077 =50 200 =100 +092 045096  0.5133
x 47 314 4079 =2.5 300 =50 +036 0.6346 06378
: 48 3.09 +077 0+0 3+00 =150 041 0+5655 0+5686
1 56 5¢23 131 =540 3.00 =150 +060 145033  1.4943
} 57 5¢19 <130 =5:0 200 =15.0 +027 1+6242 146337

58 5.412 +128 =12¢5 500 =15.0 «027 144597 14363
59 305 076 0.0 3.00 -20.0 « 048 0.5100 0.5217
60 4417 +104 =-12¢5S 6.00 =200 =-.007 0.8708 0.8834

62 5¢18 +129 5.0 3+00 =200 022 145902 1+5855

65 4410 <102 =245 6.00 =20+0 «033 0+9768 0.9741

66 6015 154 =100 5.00 =20.0 +004 .2.2523 2.2566

67 2+11 053 =75 2.00 -20.0 «046 0.2156 0.2474

69 4.05 101 =50 5+00 =20.0 ~047 0+8860_, 0+.8874

70 3«01 +075 =Te5 2400 =20+0 +076 0.3250 0+4070

71 3.00 +075 0.0 3.00 5«0 +038 0. 6041 0. 6032

72 6408 <152 =5.0 300 Se 0 057 245081 2+ 4889

74 5.05 126 =-10.0 3.00 Se0 «108 147411 1+ 7289

75 6403 +151 =245 5.00 5.0 «047 2.4835 24510

76 5.05 +126 =-2.5 2.00 5.0 + 038 17194 1. 6837

77 S.05 <126 =10+0 5.00 S5e0 + 031 16877 1.6768

78  4.02 +101 -7+5 5.00 5¢0 + 008 1.0803 1.0677

79 2404 +051 =10+0 3.00 5«0 016 0.2931 0.3018

80 5433 +133 =-2.5 3.00 0+0 +061 19165 1+8586

82 387 +097 =~2.5 2.00 0.0 +099 0+9849 0.9634

B3 3+02 +075 =25 3.00 -5.0 +038 0+5946 045883
418 1485 069 0.0 3.00 0.0 060 0+3322 0.3438
419 2.96 11} 0.0 3.00 0+0 +044 0.8528 08601
420 3¢95 <148 0.0 3.00 0.0 +033 1. 5250 1.5264 g
421 5.02 +188 0.0 300 0.0 «025 2.4884 2.4782
422 6409 +228 0+0 3.00 0.0 022 2.6423 3¢ 6609

423 3486 <145 0+0 3.00 0.0 «0£3 1+4559 1. 4628 o
424 3.91 +146 0.0 3.00 0.0 « 045 14838 14916 }
425 3496 148 0.0 3.00 0.0 «067 1.5493 15275
426 4403 151 0.0 3.00 00 117 1+5870 15812
427 4.01 <150 0.0 3090 0.0 «158 1.5763 1.5718
428 3499 150 S¢0 3.00 0.0 «027 1.5600 15693 |
429  4.02 151 -2.5 3.00 0.0 . 031 15786 145797 5
430 399 +150 =50 3.00 0+0 «027 145544 1.5616 o
431 4.01 +150 =75 3.00 0+0 017 145650 145754 ;
432 4.00 +150 =100 300 0.0 <011 1.5503 1+5666 i
433 4.01 150 =125 300 0.0 +006 1.5456 145597
434 399 <150 =12+5 3.00 5.0 007 1.5617 15673

A73 !
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TABLE A-19 (cont'd)

p MEASURED AND FITTED SIDE FORCE

, BETA=10.DEG

i 1

- RUN ¢V W PHI THETA PSI 2T MEASURED FITTED

. 435 4.00 +i50 =12¢5 300 =50 =.002 1+5386 1.5249

" 43€ 4.02 +151 =12¢5 300 =100 =004 1.5209 1+ 4881

| 438 3.97 149 0.0 3.00 5.0 «032 145525 1+ 5469

: 440 4.01 <150 0.0 300 =5.0 +035 145439 1+5498

| 441 4.00 +150 0+0 3+00 =10.0 <036 144917 145034

v 443 3.98 <149 0.0 3+00 -15-0 « 040 14231 144291

: 444 3.98 149 0+0 3+00 =20.0 035 1.3771 13824

3 445 3.98 «149 0.0 2.00 0.0 «036  1+5439 1+5538

f 446 3.98 149 0.0 4+00 0.0 .032 15562 14557

ﬂ 448  4.02 151 0.0 5+00 0.0 «025 1.5857 1+5960

3 449  4.03 <151 0.0 6400 0+0 +024 145929 146130

: 451 1+81 <068 =10+0 4.00 5.0 «132 0+3358 0.3301
452 4+01 150 =25 3.00 =5.0 .043 1.5401, 1.5412
455 4.91 184 S«0 4400 =20.0  +131 1.25197  1.5600
456 4+90 <184 =-T¢S 4.00 5.0 «099 2.3036° 2.4092
457 2.92 +109 =25 3.00 =50 (43 0+8104 0.8231
458 4:00 +150 =75 6400 0.0 .010 1.5568, 1+5718
459 5.96 <224 0.0 2+00 =5.0 . 025 1.8315" 3+4688
460 S¢0% +188 =10.0 5400 0.0 045 2.3901 2. 4344
463 4402 <151 =125 3.00 5¢0 «110 1+5995 15652
465 5497 o224 0.0 2.00 5+0 «090 3.57T71 3¢ 6344
466 5:97 «224 =12.5 5.00 =20.0 «011 3.0490 3.0481
467 4+00 150 =7+5 6.00 0.0 <011 1.5807 1+5733
469 505 189 5.0 4.00 =10.0 «08B3 2.2624 2.2962
470 3+01 113 =2¢5 3.00 0.0 «131 0.8553  0+8629
471 2499 <112 =25 32.00 =5.0 047 0.8531 0+8620
473 4+96 <186 =50 6.0C =20.0 024 2.1864 2.1692 .
475 497 <186 =2.5 2.00 =-20.0 «086 1.8166 18197 .
476 4«97 186 5S¢0 3.00 0.0 «031 2.4257 244258 .
483 198 074 =10.0 6.00 =5.0 «168 0.2859 0.299%4 v
484 2491 <109 =25 2.00 0.0 +089 0.8173 08244 :
485 301 <113 0.0 6400 =20.0 133 0+6064 06250 D]
487 3493 +148 =100 2.00 =-5.0 «097 143241 1+3423 o
488 3.00 113 =25 3.00 -5.0 «043  0.B658 0.8701 -
489 4+13 +155 =5.0 2.00 5.0 112 1. 7391 1+ 7299
490 6:08 <228 =5.0 2.00 S« 0 «081 3. 7408 3. 7275
491 4410 +154 =7¢5 3.00 =540 «075 1450179 1+ 5289
492 4.04 152 0.0 3.00 0.0 .028 1+ 6040 1+ 6037
494 3418 o117 =-2¢5 4.00 =5.0 140 049106 0.8741
496 6.07 +228 5¢0 5+00 =150 074  3.2019 3.1986 ;
499 6405 227 =100 5.00 =150 <001 3.4356  3.+4328 .
500 4.08 +153 -5.0 6.00 -5.0 «015 1. 6107 1+ 6263 ‘
S0P 3.09 116 =125 4.00 0.0 +105 048229 0.+.8390
503 3410 +116 =25 4.00 =15.0 «053 0+8475 08562 ;
505 3.03 <114 =25 5.00 5.0 o161 0:.8924 049556 i
506 302 113 -2+5 3.00 =~5¢0 «0 41 0.8684 0.3804 .
507 3.01 +113 =5.0 2.00 5¢0 <092 0.9052 0.9125 b
S08 2499 112 =5.0 5¢00 =100 +104 0.7436 0+7536 .
512 2.01 «075 =7¢5 6400 =10+0 «220  0.2251 0+2007

513 5.15 «193 =10.0 5.00 ~-10+0 042 2.3818 244159




L‘. R=1851
E TABLE A-19 (cont'd)

MEASURED AND FITTED SIDE FORCE
BETA=10.DEG

RUN  CV W PHI THETA P51 ZT MEASURED  FIYTED
Si4 5¢10 +191 =12.5 2.00 =-10.0 =-+016 2.4699  2.5077
795 3.00 +225 0.0 3.00 0.0  +055 1.7423  1.7391
796 295 «224 5.0 3.00 0.0 +047 107446 1. 7421
797 3.01 .226 =2+5 3.00 0.0 056 1.7344 147492
798 3.00 +225 =5.0 3.00 0.0 +051 1.7388  1.7401
799 3.01 +226 =7.5 3.00 0.0 +046 1.7467 1.7521
800 3.00 +225 =-10+0 3.00 0.0 +039 1.7282  1.7331
g01 3.00 .225 =-12.5 3.00 0.0 033 1.7217 1.7201
802 2.99 .224 0.0 3.00 5S¢0 <054 1.7475  1.7349
803 2.99 224 0.0 3.00 =5.0 «068 1.7098 1.6974
804 2.98 .223 0.0 3.00 =10.0 +072 16521 16339
805 2.99 224 0.0 3.00 =150 +075 1.6036 1.5829
806 3.00 225 0.0 3.00 -20.0 +062 1.5444  1.5282
807 3.00 225 0.0 2.00 0.0 -067 1.7389  1.7410
§08 2.97 .223 0-0 4.00 0.0 058 1.7166 1.7072
: 809 3.00 «225 0.0 5.00 0.0 .053 1.7471  1.7402
: 810 2.99 224 0.0 6400 0.0 <056 1.7313 1.7290
; 811 3.00 +225 0.0 3.00 0.0  +051  1.7427 1. 7441
! 812 3.00 .225 0.0 3.00 0.0 -.082 1.7355 1.7306
E 813 3.00 -225 0.0 3.00 0.0 130 1.7293 17160
{ 815 2.01 «151 0.0 3.00 0.0 +104 0.7746 0.7803
= 816 2.51 «188 =2.5 3.00 0.C +069 1.2151  1.2229
817 3.01 .226 0.0 6.00 =-20.0 +066 1.5786  1.5810 r
818 3.02 .226 Se0 6+00 =5.0 <175 16827, 16797 i
] 819 3.02 226 =25 6.00 5.0 211  1.7457 18770
820 2.03 152 0.0 4.00 =10.0 +205 0.6277 0+ 6144
821 3.01 +226 =12.5 3.00 =-10.0 +017 17058  1+€679

822 3+01 226 =2¢5 3.00 =5.0 065 1.7269 1.7192 :
823 2.02 152 =12.5 3.00 =-10+.0 +093 0.6801 0. 6951 :
824 2.52 +189 =-10.0 3.00 5¢0 «111 142235 12209

825 2.01 «150 -5¢0 3.00 -15.0 +112 0.6645 0.6826

826 2.48 +1866 -12.5 6.00 =-10.0 +190 0.8937 0-8776

827 2.48 +186 ~=12¢5 5.00 5.0 +281 12508 12680 4
828 2.99 224 0¢0 300 =5¢0 +084 1+6927 1e6799

829 1.99 149 5.0 6400 =-10.0 +287 05056 05001 :
830 2.00 <150 -5.0 3.00 -10.0 076 0.7271  0.7538 "
831 2450 +187 =2+5 5.00 =20.0 +248 0.5080 05106 '
832 2499 4224 =2+5 300 -5.0 +065 16971  1.7002

833 1496 147 =50 600 =50 +263 0.6099 06023 l
£34 2.95 .221 5¢0 500 VeO  +063 1+7243 1.+ 6955 ;
£35 296 222 =5.0 6400 0.0 +034 1.7256 1.7067 |
826 1498 148 =12¢5 3.00 =200 +019 046740 0« 6477 '
839 206 155 5.0 4.00 0.0 +192 0.8187 0+8140

840 2+03 153 =7.5 3.00 500 +0B8 08044, 0¢8199 o
841 2.98 223 0+0 5.00 =-20+0 219 0.8232 049760 5
842 2.99 224 =7+5 6400 =150 +031 1+6334 1.6111

845 2498 223 5S¢0 6400 =100 174 1.4724 1.5199 .
846 3¢01 226 =2+5 3.00 =540 +053 1.7353 1.7348 L
€47 2¢54 190 -7¢5 5.00 0.0 242 141488, 11795

B48 3.01 +226 =-10.0 5.00 0:0  +204 1+5472°7 1.64714
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&
TABLE A-19 (cont'd)

, MEASURED AND FITTED SIDE F@RCE
5 BETA=10.DEG
i
B RUN cv W PHI THETA PSI ZT MEASURED FITTED
. B49 2455 191 0.0 5.00 ~S.0 <046 1.2464 1.2537
g BSO 2+54 «19] =2¢5 4400 =-15.0 «180 0.8884 C+9187
; 8BS1 2.08 +156 0.0 Se.0r S0 «+038 0.8402  0.8491
X 32 2.53 4190 Se) 6400 <=20.0 +212 0.5840 * 0.7676
: BS3 205 +154 ~%«0 8400 =-15.0 +288 0. 4339 0.4074
¢ BSS 3.01 +22¢ ~5.0 2.00 5S¢0 «074 17616 17693
‘L B56 2¢53 +190 =125 4.00 -10+0 « 182 0.9102 0.89175
¢ 857 3.00 +225 “2.5 3.00 -5.0 «049 1. 7218 1. 7285
g BS8 2.99 .224 -S.0 4.00 0.0 157 1+ 6800 1.6747

859 2.53 .190 -5.0 6400 =50 .169 1¢1408 1.1326

B61 2.54 4190 -12.5 4.00 =5:0 +209 0:9987 0.9792
B62 2.97 .223 -12.5 5.00 -20.0 057 1.3532 1.3872
B63 3.00 225 -5.0 4.00 =5.0 +026 0.5568 1.7433

TEEN o TR e

MEAN ERROR= -0.10T1
STANDARD DEVIATION= 0.3157

N
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i TABLE A-20

. MEASURED AND FITTED SIDE FORCE
BETA=15.DEG

e RUN cv o PHI THETA PSI zT  MEASUREDR FITTED
. 141 4.00 .000 5S¢0 3.60 5S¢0 <050 0.0306, 0.0124
142 4.00 .000 -0+3 2.60 0.0 +063 0.0121  -0+0153
143 3.00 .000 4.7 2460 0.0 «053 0.0074"° -0.0197
144 6400 +000 14.8 3.00 0.0 e149 0.2005, 0.1560
145 4.00 .000 4.8 3. 60 0.0 050 0.0087  -0-0140
, 146 4.00 +000 -5.2 3.60 0.0 - 050 0.0129 " ~0+0166
147 4.00 000 -0«3 3.60 0.0 .058 0.0104 ¥ -0.0154
148 4.00 +000 -0.3 3.60 0+0 061 001127 -0.0154
149 4.00 +000 =03 3.60 0.0 «076 00116 ¥ =0.0157
| 150 400 000 -0e3 3.60 0.0 «113 0.0113 #-0-0163
: 151 4.00 .000 -0¢3 3.60 0.0 «163 0.0129 ¥ ~0.0170
; 152 4.00 +000 -0«3 3.70 0.0 <216 0.01177=0.0175
? 153 2.00 +000 =21 360 0.0 <114 00051 ¥ =0.0121
) 154 3.00 000 -0e3 3460 0.0 «077 00077 % -0+0151
[ 155 5.00 000 -0+3 3.60 0.0 «051 0.0135'?-0.0158
3 156 6400 +000 -0¢3 3.60 0.0 «043 0.0132 * -0.01 63
17 4.00 +000 9.8 3.60 0.0 .035 0.0086% -0.0187
158 4.00 +000 1407 360 0.0 «014 0.0134 % -0.0317
159 3.00 <000 14¢7 3660 0.0 . 169 0-0596, 040405
160 4+.00 <000 198 3. 60C 0«0 =+005 0.0234 =0.0459
161 4.00 +000 19.8 4. 60 0.0 «155 041665 041585
162 4.00 .000 197 4460 0.0 o162 0:1736, 0+1644
163 4.00 +000 0.3 4.60 0.0 +058 0.0087, <0.0157
164 4.00 000 -0+3 5.60 0.0 .056 0.0083, -0.01 60
165 2.00 -000 4.7 Se60 0.0 «371 0.0374° =-0.0051
166 6+.00 «000 9.7 Se¢60 0.0 «029 0+.0094% 0.0520
167 3+00 .000 197 5. 60 0.0 . 161 0.1088 0+1175
168 3.00 «000 197 5«60 0.0 « 280 0.1732, 0-1889
169 2.00 +000 197 6460 0.0 «067 0.0265 =0.0256
170 S.00 «000 9.7 6¢60 0.0 +030 0.0157%* 0.0393
171 4.00 -000 9.7 6460 0.0 «147 0.1360, 0.0929 o
172 3.00 «000 -5¢3 6460 0.0 .082 0.0148, =0.0269 ]
173 4.00 .000 =0+3 6+60 0.0 «05%55 0.0093, -0+0164 f
17¢ 6.00 +000 -5.2 6460 0.0 «039 0.0098° -0.0707
175 4.00 «000 4¢7 3460 5.0 « 061 0.0338, 0.0289
185 4.09 .009 4.7 3460 S« 0 046 0.0254 0.0068
186 4+.00 +000 -0+3 3.60 5.0 e065 0+0349 0.0263
187 3.00 +000 ~5¢3 3.60 5«0 119 0.0452, 040477
189 5.00 .000 -0+3 2.50 5¢0 <063 0.04417 0.0643 |
191 4.00 +000 9.8 3.+60 5.0 «173 0+2603 0.2465 :
192 4.00 «000 9.7 3.+60 5.0 «177 02589 0.2508 ?
193 3.00 +000 14¢7 3.70 5.0 ¢ 250 02992, 02655 v
194 3.00 +000 14¢7 3.60 5«0 017 040178 =0.0260 o
195 3.00 000 14¢7 1.60 5.0 « 048 0.0256% 0.0556 b
196 600 <000 -5.2 5.60 5.0 «035 0+0357% -0.0465 }
197 6.00 «000 9.7 5Se60 5.0 «+026 0.0315*% 0.0523 :
198 6.00 +000 198 5.60 5S¢0 =+.016 040396, 0.0426 '
199 2.00 <000 -0.3 5.60 5«0 «101 0.0211" 0.0042
200 2.00 000 -5.3 5.60 5.0 257 0.0532 00559
201 4.00 <000 198 S 60 5.0 «139 0+ 3649 0.3522

[P R ey L-r 0y L Sl o
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TABLE A-20 (cont'd)
MEASURED AND FITTED SIDE FORCE

; BETA=15.DEG

k

) i RUN cv W PHI THKETA PSI zT MEASURED

P 202 5.00 +000 1407 6460 5«0 +010 0.0253 ©

o 203 5.00 +000 447 6460 5.0 «+036 0.0341)

a 204 5.00 «000 448 6+ 60 5.0 «037 0.0308 .,

3 205 3.00 000 =5¢3 6460 50 «279 0.05%4

Mo 205 4.00 .000 447  3.60 5¢0 <055  0.0267

L 207 4.00 <000 =0+3 3.60 -5.0 «063 =~0.0170°"

: 208 6400 000 14¢7 3.60 “5.0 «155% ~0.2395

E 210 5.00 +000 =0+3 2.50 -5.0 »103  -0.1039

) 211  4.00 .000 4¢7 2460 -5.0 «094 -0.0412
212 2.00 .000 4.7 2.60 -5.0 «162 =0.0193
213  4.00 .000 9:8 2+.60 =5.0 +043 ~-0.008)
214 2.00 .+000 “0+3 4460 -5.0 «170 =-0.0139°"
215 6.00 .000 14.8 4460 ~5.0 126 =-0.1005
216 S.00 .000 14¢7 5450 5.0 «150 =~0.0420
218 3.00 000 9¢7 5.60 ~5.0 242 -0.0394"
219 4.00 .+000 9.7 5.60 -~ 5.0 «045 -0.0131% %
220 6.00 <000 14¢8 5.60 ~5.0 007 =0.0009
221 6400 000 1448 6460 5.0 +005 =-0.0125%
222  4.00 +000 9¢7 6460 ~5.0 044 =0+0167%
223 3.00 .000 197 6460 10.0 + 009 0.0274%
224  4.00 +000 1947 6460 10.0 +014 0.0412
225 2.00 .000 -5¢3 6. 60 10.0 +104 0.0315
226 3.00 .000 4¢7 6460 10.0 117 0+1154
227 5.00 .000 ~0e¢3 6.50 10.0 +070 0.1151
228 3.00 +000 1468 6460 10.0 191 0.3800
231 3.00 +000 198 4. 60 10.0 179 O+ 4462
222 5.00 .000 14¢7  4.50 10.0 «035 0+0976
233 2.00 .000 1467 4460 10.90 «037 0.0195%
234  4.00 +000 4e8 346D 5.0 +054 0.0267
235 5.00 +000 4¢8 3450 10.0 +1°8 043345
238 3.00 +000 9¢7 3.60 10.0 240 0+3635
239 4.00 +000 9.8 3.¢0 10.0 «059 0.0680
240 5.00 000 Be& 3450 10.0 020 0.0515%
241 3.00 .+000 4.8 3.60 100 «131 0.1088
242  4.00 <000 ~0«3 3.60 10.0 064 0.0640
243 4.00 +000 9.7 2.60 100 + 050 0:0561%
244 3.00 .000 1947 5S.60 10.0 +003 0+0352*
245 3.00 .+000 ~4¢9 5.50 10.0 + 180 0+1457
246 S.00 « 000 -5.2 550 150 «0717 0.2083
247 3.00 <000 ~0+3 5460 15.0 o165 02074
248 5.00 000 148 5.50 15.0 + 029 0.1088
249 6400 +000 14¢7 5.¢60 15.0 016 0.0858
€50  5¢00 +000 -0+3 5¢50 15.0 +044 0.0881 *
251 2.00 .000 4¢7 6460 1540 «091 0.0416
52 6400 <000 3.9 6:60 15.0 .026 0.0870 ¥
253 3.00 .«000 197 6.60 15.0 +018 0.0694 %
254 4.00 +000 “5¢3 6.60 15+0 +150 0.2899
255 6.00 .000 -5¢3 4. 60 15.0 067 0.2039
256 3.00 000 1467 4.60 15.0 +094 0.1909
257 5.00 +000 98 4450 15.0 01717 0.2519

FITTED
006925
00310
0.0331
00941
0.0193
“00542
~0+1917
~0.1 728
~0.1041
~0.0813
“0e0634
~0.0630
~0.0918
=0.0560
00963
-0.0313
0.0397
00610
=~0.0263
00011
0.0405S
0+0398
01163
0.0967
03698
03987
01176
~0+0267
0.0192
0.3364
0.3838
0«0903
“0.0228
01435
00635
0+0816
=-0.0075
O0«1616
01725
0.2328
0.1293
00705
0.0237
0.0359
00296
0.1097
0.3103
0.1888
0.1935
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TABLE A-20 (cont'd)

MEASURED AND FITTED SIDE FORCE
BETA=15.DEG

RUN cv W PHI THETA PSl1 zT MEASURED FITTED
258 3.00 +000 4.7 4. 60 15.0 «266 0.5347 0. 5338
260 4.00 000 -0+3 4.60 150 «230 0+6739, 0.6726
261 4.00 000 -0+3 4.6€0 15.0 « 049 00561 0.0308
262 3.00 000 9. 4. 60 15.0 +056 0.0457, 0+0402

8
263 6.00 -000 9.8 4. 60 15.0 «033 0.0955" 040435
264 4.00 -000 -0.3 2.60 15.0 « 069 0.0892 0+1139
265 6.00 4000 198 3¢ 60 15.0 =~.009 0.0940 -0«0235
266 4+00 -000 9.8 2+60 15.0 «053 0.0787" 0.1282
9.8
8

267 3,00 -000 2. 60 15.0 «095 0+1376 0.1826
268 3.00 000 4.7 2460 15.0 « 089 00996 0.1340
270 6.00 000 4. 2450 15.0 +099 0+5475 0« 5761
271 6.00 +000 4.8 2450 15.0 « 097 0.5266 0s 5592
275 4.00 <000 9.8 250 15.0 «117 0.4025 0. 4126
276 4.00 <000 4.8 360 5.0 « 058 0.0294 0.0241
277 4.00 000 -0+3 3.60 20.0 <068 0.1236 0.1418
277 3.00 000 14«7 350 20.0 <049 0+0963 0.1029
279 4.00 -000 «8 350 20.0 «133 0. 5099 0. 4814

«8 2450 20.0 «100 0. 7260, 0+ 7315

281 5S.00 +000 g 2450 20-0 « 168 1.2512° 1.0867
282 6.00 000 1

283 4.00 +000 14.
286 4.00 000 1

286 3.00 000 9

287 3.00 000 9

288 4.00 <000 19

289 2.00 000 1 4.

19

-0

A
4
280 6.00 +000 4
a4
A

7 2.50 20.0 +028 01978  0.1660
7 2.50 20.0 <034 0.1082, 0.1415
7 2.50 20.0 020 0.05717 0.0639
7 4.50 20.0 <043  0.0420  0-0095
7 4.50 20.0 075 01099~ 0-108l
8 4.50 20.0 <-.004 0.0638" 0-0311
7 4.50 20.0 -098 0+1058 041037
8
3

290 2.00 +000 . 4.60 20.0 136 0.2482 02498

294 3.00 +000 . 5«50 20.0 .090 01267, 0+1110

595 3.00 +000 =03 560 20.0 055 0.0601° 040337

596 4.00 +000 -0+3 6.60 20-0 046 0.0690 00622 p
297 4.00 +000 4s7 3.60 5.0 <059 0.0286 = 00260 |
098 4.00 +000 4.8 1460 5.0 +0B2 0.0525 00924

299 4.00 000 14.7 1460 SeC .038 0.0346. 0.0673

300 5.00 <000 =03 150 1540 <051 0.3336° 02153

109 235 +059 0.0 3.00 0.0 069 0+3564 0+3592

110 2+92 073 0.0 3.00 0.0 .060 0.5560 0+5589

111 3+88 4097 0.0 3.00 0.0 052 0.9785 09867

112 4+95 +124 0.0 3.00 0+0 +045 1+ 5965 1 6218 )
113 6.N2 150 0.0 3.00 040 027 2.3683 2e4151

114 287 072 0.0 3.00 0.0 .049 0.5312  0.5395

115 3.02 +076 0.0 3.00 0.0 +081 0+5854 0+ 5951 :
116 301 075 0+0 3.00 0s0 +155 05901 0. 5858

117 282 071 0.0 3.00 0.0 156 0+5166 045154

119 4.03 <101 0.0 3.00 0.0 «181 1.0613 1.0632 ?
120 3.03 +076 5«0 3.00 0.0 059 0.5987 0+5984 ’
121 3.02 +075 =5.0 3.00 0.0 +056 0.5959 05992 4
122 2.87 +072 =-10.0 3.00 0.0 .052 0+5350  0.5421 :
123 2.85 +072 =150 3.00 0.0 +046 0+5265 05423

124 3.05 +076 =20.0 3.00 0.0 +040 0.5782 05796

125 3.06 <076 0.0 3.00 5.0 +058 0.6235 06296

A79
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TABLE A-20 (cont'd)

MEASURED AND FITTED SIDE FORCE
BETA=15.DEG

b
f RUN cv w PH! THETA PSI zZT MEASURED FITTED
- 127 3.01 +075 0.0 3.00 =10.0 «067 0.5218 05261
12C 303 076 0+0 300 =150 «066 0+4907 De 4912
: 129 3.01 +075 0.0 3.00 =-20.0 «055 0+« 4602 Qe+ 4T8B
¥ 130 2+99 075 0«0 2.00 0.0 066 05775 0+5876
. 131 302 <075 0.0 4.00 0.0 « 063 05833 05939
f 132 3.06 +076 0«0 5.00 0.0 «054 0. 6048 0+ 6109
! 132 3.06 +076 0.0 6400 0.0 «057 Qe 6081 0- 6114
‘ 136 4-04 101 -5.0 3.00 0.0 «095 1.0313 1.0564
137 6409 <152 =150 5.00 =100 +003 2.3311 2.3760
138 6.05 +151 =20.0 6.00 -5.0 -.018 2.3088 2.3519
139 4.02 +100 =-2G.0 6400 -20.0 =.022 0.9206 048983
140 5400 +125 5.0 3.00 =200 .022 14357 1+4728
141 499 125 5.0 3.00 =20.0 «021 14322 14686
142 2+.91 <073 «5.0 300 -5.0 «056 0+53243 Cs 5346
143 1.65 ..041 =100 6+00 0.0 «153 0+1553 0+1617
144 3.79 +095 =-10.0 3.00 ~20.0 «093 0.437 0. 4870
145 AeT6 119 5.0 200 -5.0 « 045 1+ 4341 143317
147 387 097 ~5.0 6+.00 =200 «026 0.8477 0+8957
148 S.8B6 <146 =100 3.00 5.0 «097 2.3495 2.3925
150 3+94 <098 =-15.0 4.00 -5.0 «+093 0.8105 0.8217
151 2+95 +074 =-10.0 2.00 =10.0 105 0+3982 0+3693
154 4.78 120 -5.0 3.00 5.0 «032 1+ 4490 1+4847
156 3«00 +075 00 200 =100 «053 0+ 5299 0+ 5262
157 302 +076 “5.0 6400 =150 « 050 0.5077 0+ 5245
158 399 +100 =50 600 =150 «040 0.9102 0+9436 .
160 2+.40 <060 =10.0 2.00 =20-0 044 0.2694 0+2770
161 6418 154 5.0 300 =20.0 «044 2.0359 2.0660
162 6621 <155 5.0 3+00 =20.0 +040 2.0655 2.1241

163 6018 +154 =100 2.00 =15.0 +004 2.3004 2.+ 4070 1
164 4438 +110 =100 5400 -20+0 <04} 0+9948 10278
165 3.23 +.081 -10.0 2.00 -20.0 +082 0.2611 D+3366
166 2¢15 +054 =100 4.00 =15+0 031 0.2561 02979

167 2¢64 066 -5.0 3.00 =50 «065 0. 42 62 0« a321
168 5¢65 .14l -S.0 5.00 5.0 «073 2+1459 2.1579
169 4.72 118 -5.0 2.00 =-10.0 + 052 1.3042 1.2906
170 Se81 145 5¢0 3.00 =-5.0 « 040 201435 2+2155 4
171 474 118 0.0 2.00 5.0 +064 15122 1. 5490
173 5491 +148 -5.0 3.00 0.0 077 2.2818 2.2995
174 4+.83 +121 =20.0 5.00 5.0 «045 1+ 5351 1.5508 i
175 6404 151 -20.0 5.00 =5.0 + 020 241315, 2.2045 i
177 3+75 +094 =10.0 5.00 5.0 <013 =0.2455 0.9435
178 2¢96 <074 -5.0 3.00 =50 «048 0.5412 05587 ;
180 3+18 +079 =150 4.00 -10-0 «111 0. 4228 03996 o
181 S5+11 128 -5.0 2+00 -15.¢0 +046 1450167 1.4299
182 2415 +054 =15:0 3.00 5.0 002 0.3009 0.3411 i
183 4.91 +123 =20.0 500 =150 012 12205 12759 !
184 5.08B 127 5.0 4400 0.0 0N 1¢ 6655 1+ 7331 g
527 1+82 <068 0.0 3.00 0.0 «112 0+3257 0.3 '38 Cos
528 287 +108 0.0 3.00 0.0 +076 0.8086 0.8119 P
529 387 145 0.0 3.00 0.0 «052 1.4502 14807 L

AB0
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TUBLE A~20 (cont'd)

MEASURED AND FITTED SIDE FORCE
BETA=15.DEG

4
)
| RUN CV W PHI THETA PSI 7T MEASURED FITTED
F 530 4.98 +187 0.0 3.00 0.0 +043 2+3953  2.4541
- 531 5.97 .224 0.0 3.00 0.0 +037 344632  3.5541
532 2.96 o111 0.0 300 0e0 <052 0+8427 0+8667
, 533 2.97 o111 0.0 3.00 0.0 +104 0-8407 0+8642
. 534 2.96 111 0.0 300 0.0 +154 0+8B385 0+8536
i 536 3.°2 149 0.0 3.00 0.0 146 145240 145565
. 537 3¢97 +149 0.0 3.00 0.0 195 145623 145495
: S48 2496 111 5.0 3.00 0.0 +075 0+8364 0+8598
~ 539 2.96 «111 =5:0 3.00 0.0 +074 0.8368 0+8589
540 3.00 112 =10+0 3.00 0.0 <063 0¢8566 0e8781
541 2.97 <111 =150 3+00 0.0 <044 08310 0+8613
542 2.98 112 =20.0 3.00 0.0 019 048259 0.8603
543 2.98 112 0.0 3.00 5S¢0 074 0.B7156 0+8986
544 2.98 112 0.0 3.00 =50 +078 007969 0.8338
545 £.99 112 0.0 3.00 =-10.0 +079 0+7623 0. 7847
546 297 +112 0.0 3.00 =200 +057 006960 0.7326
547 2.99 112 0e0 300 =150 +084 007049 0+7167
548 2¢97 <111 Ne0 200 0.0 +080 08398 0.8736
549 2.98 112 0.0  4¢00 0.0 +060 08475 0+8755
550 2.97 <112 0.0 5.00 0.0 +059 08450 O+8689
551 3.01 <113 0.0 600 0.0 +055 0.B650 0-8946
552 1.90 +071 =15¢0 4+90 5.0 +136 03709, 03912 |
553 4.03 <151 =5.0 3.00 -5¢0 +064 042336 1.5305
555 5.98 224 5¢0 4.00 =20+0 +064 2.8715_ 2.9134 1
556 4299 <187 =10+0 4400 5.0 136 2.3772° 2.5556 o
SS8 3499 -150 =-15.0 6+00 0.0 +003 15328  1.5858
550 3.00 113 =50 3400 =5:0 +071 0+8223 0.8464
560 .-00 225 0.0 2.00 =5¢0 +051 3.3728 3.4717
S61 5.00 «188 =15.0 5.00 0.0 <065 2.2481 2.3708 J
S64 6.01 +225 =20.0 300 S.0  +054 3+5427 3. 6089
566 6.01 225 0.0 300 5.0 «086 345901 3+ 6938 \ |
567 6000 225 =20.0 5.00 =-20+0 =-.008 2.9609 3.0301 |
S6B 3.98 149 <-10.0 6400 0.0 +014 15224  1.5760 |
569 3.97 149 5S¢0 4400 =-10.0 . 169 11105 1.2115
570 2:99 <112  =5.0 3.00 0.0 +146 0.8312 0+8584 4
S71 4497 «186 =50 6.00 =-20.0 <049 2.0491 2.0806
S72 3400 112 =5.0 300 =-5:0 071 08158  0.8445 .
573 5695 o223 =5.0 2.00 «20s0 <082 23595 2.4407
577 4.97 «186 5¢0 3.00 -20+0 106 15460 1. 6447
579 1¢99 075 =15.0 6+00 <-5¢0 186 0.2451 0.2394
580 2.96 111 0.0 6.00 =200 +191 0.3478 0.3847
581 6.00 +225 =20.0 200 0.0 =+006 3+4145  3.5259
583 595 223 =150 2.00 =-5¢0 +050 341955  3.2507
585 6e01 225 =100 3-00 =-5:0 +058 343150 3.3960
586 2+96 <111 =50 3+.00 =50 +072 0.7957 0.8224
SBE  3¢91 <147 =5.0 3.00 -5+0 +125 13063  1.3471
593 4403 151 =-10+0 6:00 =560 021  1+5242  1.5763
594 2:97 «111 =200 400 0.0 <138 07504 0. 7454
595 3.01 113 0.0 4.00 -15¢0 +104 0+6959 0. 6978
596 2.03 076 -5.0 5.00 5.0 +276 0.4616 044707




R=1851

-g' 1
TABLE A-20 (cont'd)

. MEASURED AND FITTED SIDE FORCE

: BETA=15. DEG

i

Fo RUN cv W PHI THETA PS1 ZT MEASURED FITTED

) 598 3¢01 +113 =100 500 =100 «128 0.6266 0« 6627

- 599 3.02 113 ~3.0 3.00 =540 «073 0.8304 0.8518
600 2.0! +075 =100 6400 =-10+0 «254 0.1752 0.1500

: 601 5+02 +188 =200 5S¢00 =10+0 «026 241164 241587

¥ 602 S+05 +189 =20.0 2.00 =100 =-.030 2.3567 24265

¢ 603 305 114 =150 500 =15.0 e036 047605 067729

| 604 5499 +225 =100 4¢00 =150 + 052 3.0583 3.0873

5 618 1492 144 0+0 3.00 0.0 «093 0+ 6970 D 7297

- 619 2.99 .2224 0.0 3.00 0«0 «070 1. 7081 1. 7479

; 620 2+50 +188 0+0 3.00 0.0 «078 141957 12290

- 621 307 +230 0.0 3.00 0.0 « 050 1.8069 1.8423
€22 3.06 230 0s0 3.00 0.0 « 086 1. 7861 18247
623 3.05 <228 0.0 3.00 0.0 136 1+ 7688 17952
625 3.01 226 5«0 3.00 0.0 « 061 1+ 7335 167 7
626 2.99 <224 -5-0 3.00 0.0 066 1+ 7198 10 7426
827 3.01 226 =10.0 3.00 0.0 «049 1+ 7298 1+ 7554
628 3.00 225 =15.0 3.00 0.0 « 028 1+ 7169 1. 7410
629 3.0! +226 =200 3.00 0.0 «003 1. 7125 1+7397
630 2.98 223 0+0 3.00 5¢0 « 063 1+ 7095 1+ 7364
631 P2.97 223 0.0 3.00 -5.0 «070 1+ 6494 1+ 6949
632 2+96 222 0.0 3+00 -10+0 «0T 145855 1+ 6294
633 2.97 223 0.0 300 =15+0 072 1+5229 15611
634 2697 4223 0.0 300 -20+0 «053 1+ 48 49 15446
635 2.97 223 0.0 2.00 0+0 «062 1. 6896 17387
636 2+98 +223 0«0 4+00 0«0 « 060 1+ 6962 1+ 7282 .
637 2¢98 +223 0.0 500 0+0 «053 1. 7002 17278
638 2.98 223 0.0 6400 0-0 « 048 1+ 7005 1+ 7316
639 2.47 185 0.0 600 =200 « 058 1.0236 10587
640 2+48 186 5«0 6400 -5.0 232 1.0744 1.0851
641 2+96 222 -5«0 3.00 -5.0 +108 1.5813 1. 6186
642 2.48 186 -5.0 6400 Se 0 «275 11719 1.2269
643 1497 +148 0«0 4400 =10+0 «206 0.5848 0+ 600 6
644 D+50 <1B7 =20.0 J4.00 =-10.C =010 11481 141544
645 199 <149 =200 3.00 =10+0 « 069 0.+ 6385 0.+ 6189
646 2.96 222 -5.0 3.00 =50 « 061 1+ 6380 1. 6773 4
660 2.99 224 =15.0 3.00 5«0 «071 1+ 7025 1+ 7424 ’
661 1499 <150 -5.0 300 =150 <106 0. 6321 0. 6680 .
662 2.99 <224 =200 6400 =-10+0 «108 1.2473 13057
665 2.51 o188 0.0 2.00 -50 <092 1oV 417 11992 |
667 3.00 <225 5S¢0 6.00 =10.0 +181 1e 4438 15266 :
668 2.00 +150 -5.0 3«00 =10.0 «066 0+ 7182 0. 7684 3
670 2.99 <224 -5.0 500 =20.0 +158 1.1389 1.2114 :
671 2.51 +188 5.0 5.00 0.0 «043 12104 1.2270 i
672 2"99 224 "500 3-“? ’Soo -056 106703 lo 71 73
673 1.99 149 -5.0 6.00 -5.0 «255 0.6309, 0+6278
674 2.50 «188 5.0 5.00 0. ¢ 091 0. 6825~ 1+2104

675 2.50 +188 =5.0 6.00 0
676 1499 +149 =-20.0 3.00 -20
5
5

0

0 + 037 12035 1.2404
0 -.023 0« 6701 0. 7066
0] 079 0. 7651 0.8096 !
0 +034 11089 11486 :

678 199 +149 =10.0 3.00
681 £+51 188 =~10.0 6.00 -t
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TABLE A-20 (cont'd)
MEASURED AND FITTED SIDE F@RCE
: BETA=15+DEG
i RUN  CV W PHI THETA PS1 ZT  MEASURFD FITTED
P 682 2.50 <187 Se0 6400 =-10.0 256 0.9101 0.9576
k 683 2+.97 223 =5.0 3.00 =5.0 «075 1¢ 6642 1+ 6660
: 685 2499 4224 =15.0 6400 0.0 <229 1.4102  1.5103
; 686 2.50 <188 <~15.0 B+.0 0.0 <279 049182  0.9199
. 688 2.99 224 0.0 S5.00 -15.0 185 1.3061  1.3269
' 689 2.00 +150 0.0 5.00 5.0 «077 047780 0. 7864
: 690 3.60 225 5¢0 6:00 =-20.0 124 1.3795  1.3880
[ 691 2.02 +152 =5.0 B8+00 =-15.0 342 0.3305 0.3214
F 693 2.46 <185 =-10+0 2.00 Se0  «0B6 141727 1.2260
694 2496 <222 <200 4:.00 =-10.0 124 1.2395 1.2719
695 2496 4222 =5.0 3400 -5.0 073 1.6440 1. 6629
697 2+47 185 =100 6400 0.0 +224 1.0554 1.0707
698 2.99 .224 -10+0 6:00 =-5.0 134 1.5291  ).5522
699 3.00 225 5¢0 B+00 =-10s0 +222 1.4467 14910
700 3.00 225 -20+0 4:00 -5.0 177 1.3237 1.3777

701 2448 +186 =200 5.00 =-20.0 +087 0+« 7470 0.7496

MEAN ERROR= ~0.0265
STANDARD DEVIATION= 00270
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TABLE A-2!
MEASURED AND FITTED SIDE FORCE
! BETA=20.DEG
d RUN cv w PHI THETA ZT  MEASURED
P 316 4.00 +000 4.8 3.70 +086 0.0496.
. 317 400 .000 4¢7 3.70 « 088 0.0542
A 318 4.00 000 4¢7 3460 «131 0.0123
E 319 4.00 +000 “0¢3 3.60 +095 0.0166
~ 320 2.00 <000 -0+3 3¢60 . 152 0.0077
321 200 +000 “0+3 3.70 «151 000176
r 322 3.00 <000 =0+¢3 3.+60 113  0.0089
1 323 5.00 +000 “0+3 3.+60 «076 0.0138
4 324 6.00 +000 =0+3 3.70 «067 0.0153
: 325 4.00 +000 “0¢3 3.60 «075 0.0106
L 326 4.00 +000 4¢7T  3.60 116 0+0144
; 328 4.00 +000 9«7 370 «070 0.0032

329 4.00 000 147 370
330 4.00 +000 19.8 3.60
331 4.00 .000 27.2 3.60
332 3.00 .000 197 3.60

« 047 0.0048
« 025 0.0160
=006 0.0275
«191 0.0410

333 4.00 .+000 =03 3.60 153 0.0145
335 5+00 .000 =03 3.60 «183 0.0066
336 4.00 .000 =03 3.60 « 200 0.0124
337 4.00 .000 27.3 470 179 Ue1196
338 4.00 .000 =03 4.60 +076 0.0057
339 4.00 .000 “0¢3 2¢60 +105 0.0051
340 3.00 +000 4.7 2. 60 + 098 0.0031

[ L d * L] [ ] [ ] [ ] * ] 2 L 3 L] L ] [ ] L ] [ ] * L] [ ® L * [ 3 e N

sliegoNo oot Ne oo NoNoleNo s NoloNoNeNoNoNeNoNeNoNoNoNoNo oo o NoNo Neo W e

342 6.00 +000 19.8 3.70
344 3.00 .000 27.3 5.70
345 3.00 .000 273 5. 60

+14] 0.1848
« 281 0+.10582
«+173 0.0 723

VOO0 0CO0000Q0O0D0CO0O0000000O0O000O0OOOWVLLT

347 600 .090 =N«3 5+60 . + 059 0.0235
348 4.00 +000 “0«¢3 5460 . «074 0.0128
349 5S5.00 .000 4e8 S 60 . «053 00132
350 4.00 .000 03 6.7C . «068 0.0107
351 6,00 +000 ~5«3 6.70 . « 05 0.0263
353 2.00 +000 272 670 . «068 0.0207
354 3.00 .000 “5.3 6.60 . <110 0.0169
355 4.00 .000 9.8 6.7C . + 186 0.0998
356 3.00 .000 ~0s3 6.70 - Se «236 =-0.0920
357 4.00 .000 9¢7 6470 ~Se +069 -0.0304
358 4.00 .000 Qe 6 70 =5 «0/0 =-N.0238
359 4.00 .000 9.7 6470 - Se0 + 061 ~0.0200
362 4.00 .000 9.7 5.60 ~3¢0 +C65 =-0.0237
364 3.00 .000 14¢7 Se70 -5«0 «266 =-0+1196
365 500 .000 198 5S¢ 60 -5.0 «170 =0.2110
J66 6.00 000 198 4.70 =5.0 «132 -0.2184
368 4.00 .000 9.7 2.60 -5.0 «109 <-=0.0591
369 2.00 .000 9.7 2+.60 -5.0 «172 =-0.0272
370 4.00 .000 14.7 2.60 = 5.0 +045 -0.0096
371 S.00 .000 47 2.60 =350 +1A45 =-0+149%
374 S.00 000 ~0«3 3.60 =5.0 +069 -0.0387
375 5.00 .000 “0+3 3.60 -5.0 «067 =0.0395
376 4.00 .000 ~0«3 3.70 =5.0 «087 <=0.45397
ST7T  4.00 « 000 4¢7 3.60 5.0 «081 0.0507

FITTED
0-045]
00480
=00 74
=002 70
~0«0266"
-0+0265*
~0+0267
00273
=00278
e 0208
~0+0201%
=00255
=0« 0248
=0+0166"
00239
00875
~0«027 R
~0+0285"
~0.0282%
Q+2583*
~00270%
~D«0270%
00323
0-1393
0+ 3079
02133
~0«0291
~0+0273*
~0.0085
“0«0277%
~0«0795% ’ 1
00145
~Ne«0320"%
00469
=0 1867
-0«0582% !
~0.0510% ’ }
~0e051 4 !
00603 *
=0+1270
=0+1608
-0«188B0
“01477
=0.0872
=~0+0868
-0.2821 =
=0+0951 «
~0+0898 -
~0:.0969
00371




: R=1851
TABLE A-21 (cont'd)
MZIASURED AND FITTED SIDE F@RCE
BETA=20.+DEG

)
- RUN  CV W PHI THETA PS1 ZT  MEASURED FITTED
- 378 4.00 «000 448 3460 Se0 +064 0+0363 0.0085"
v 379 4.00 +000 =03 3460 S+e0  +0B4 0+0611 0+0397
' 380 3.00 +000 -5¢3. 3.60 5¢0 +148 0.0780 040675
r 381 3.00 <000 -0:3 2460 5¢0 «117 0+0641  0.0495
> 382 5.00 «000 407 2.60 5¢0 «076 0.0728  0.0792
. 333 3.00 <000 19¢7 2.60 5.0 +028 0.0207 =-0+0139"
{ 385 5.00 <000 14¢8 2.60 5¢0 +153 043629 043692
: 387 6.00 +000 4.8 2.60 5S¢0 +151 03746 0.3877
; 388 3.00 +000 -5-2 6470 5¢0 +310 0+1143 041550
! 389 5.00 «000 9¢7 6460 5¢0 +040 00232 0+0480 "
: 395 4.00 <000 27+4 5.60 5S¢0 +176 046101  0s5447
: 396 4.00 +000 4¢8 3460 5¢0 +081  0.0512 040369
k 397 4.00 +000 =02 3460 10+0 +084 041034 041054
2 398 3+.00 <000 -5¢3 3+60 00 <146 041440 041637

399 4.00 +000 98 3+.60 10.0 <087 00831 G+1459°7

400 S5.00 .000 19«7 3.60 10.0 «+019 0.0496 0.0636
40t  4.00 000 14.8 3.60 100 163 0. 4902 D« 4681
402 3.00 +000 14.7 6.60 100 «223 0.4020 0+4015

403 300 000 4¢7 6460 10.0 152 Oe1746 0¢1711 )
404 5.00 <000 “0+3 6460 100 «091 01840 0+1766
405 2.00 +000 -5.¢3 6460 100 «120 0+0524 0+0557

406 A4.00 +000 273 6460 10.0 =-+027 G.0526 ( 1262 "
407 3.00 <000 272 6660 100 -.025 0.0338 * .0426
408 2.00 <000 19«7 4.60 10,0 +038 0.0201 =-0.0428"

409 4.00 000 9«7 2460 10«0 «063 0+0656 0.0782

410 3.00 .000 27.3 5.60 100 =.016 0.0430 0.0424

411 3.00 000 -5¢2 5460 10«0 «211 0.2206 0.2370 L
412 3.00 <000 =543 5.60 10.0 212 0.2209 0+2376 h
413 5.00 000 =52 5450 15.0 « 089 0.2873 0.2712 ¥
414 3.00 -000 -0+3 5.60 1540 + 201 0.3481 0+3565

415 5.00 .0C0 197 5450 150 +028 O«1111 0.1870 *

417 5.00 000 0«3 5450 15.0 <057 0.1235 0.0811

419 6.00 <000 27.2 3+60 15.0 =-+048 0.0639 =0.1932° S
420 4,00 «000 14.8 2.60 1 <056 041045 0415757

nworupuuruuotuonreunuounueuoeany
[ J
[eNeNeNoNoNoNoNeoNeReleNo o No Ro o No)

421 3.00 «000 4.8 2.60 . <109 0.1676 01744 1
422 3.00 -000 9.8 260 . +152  0.2435 0.3376" -
423  4.00 +000 14+8 2.60 . »130 045697 0+5404 '
424 6.00 +000 4.8 2460 . <125  0.8731 09026

427 5.00 <000 1448 4¢50 . <077 043131  0.3578 -
428  4.00 .000 4s8 4+ 60 . «215 047305 0« 7461 |
429  4.00 +000 =02 4¢70 . 4290  1+1766 104977 :
430 6.00 +000 =5.2 460 <080 043226 043340

431 3.00 000 i4.8 4. 60
432 5.00 000 14.8 4. 60
433 3.00 000 14«7 4.60

*«135 0.2788 0.2917
«033 00664 0.0723
«056 0.0550 0.0481

— . ot e et S i b Mt Pb b ud bl ub Cud b

434 4.00 <000 -0+3 4.60 . +063 0+0944 0.0663 o
435 2.00 -000 4.7 6+70 . «123 0.0732 0.0676 :
436 6.00 +000 9.7 6470 . «+041  0.1021 041190 i
437 3.00 +000 27.2 $e60 . <001 0+0761 0.1702 ™

438 4.00 +000 -5.2 6+60 . «185 045139 05345

A85 =
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d. R=1851

TABLE A-21 (cont'd)

MEASURED AND FITTED SIDE FORCE
BETA=20+DEG

) |
b RUN cv W PH1 THETA PSI 2T MEASURED FITTED
v 439 4.00 «COO -0s3 6460 20.0 « 051 0.0868 0.0846
o 440 3.00 000 4.7 Se860 20.0 «075 0.0902 0.0787
) 443 6.00 000 27.2 550 20.0 -+013 02486  0.2302,
.. 445 2.00 +000 2743 460 20.0 +138 0+ 3098 0. 4225
4 446 A4+00 +000 27.2 4460 20+0 -+025 00795 0.0732
4 44’1 2+00 000 19«8 4+ 60 20.0 112 0«1502 0+1755
3 448 3.00 <000 4.7 4. 60 20.0 «115 0+2364 0+20 63
3 449 300 <000 97 460 20.0 065 0+0830 0+.0554
: 450 4+00 000 -0¢3 3460 20.0 «085 0+2344 0.24917
k 451 3.00 +000 19.7 360 20.0 057 0+1380 0+1705
X 453 6400 000 9.8 3+60 20.0 119 1.0838 1.0623
f 454 4400 <000 9.8 3+60 20.0 «190 10960 0-9299;
455 6400 000 197 2460 20.0 032 Ve2110 0.3312°
456 4.00 +000 148 2460 20.0 072 0.2788 0.3205,
457 4.00 +000 198 1460 20+0 014 0+0488 0.1029"
459 4+00 +000 4e8 3+ 60 50 077 0+0439 0+0310
211 2.07 +052 0«0 3.00 0.0 106 0+2649 0+2551
212 2.96 +074 0«0 3.00 0.0 +079 0.5424 0+5353
213 3.92 +098 0«0 3.00 0.0 «N70 09555 09542
214 5400 125 0.0 3.00 0.0 +056 15583 1.5660
215 5696 149 0«0 3.00 0+0 047 2.2594 2.2491
216 2¢94 +074 0«0 3.00 0.0 « 069 0. 5381 0. 5281
217 3.01 075 0.0 3.00 0.0 +106 0. 5613 0+ 5570
218 3.02 075 0.0 3.00 0.0 . 146 0.5684 0.5585
219 397 +099 0«0 3.+00 0.0 122 09735 0+9753
220 4.00 100 00 3.00 0.0 . 147 0+99 74 0+9879
501 5400 125 0«0 3.00 0.0 . 120 15415 1+5575
202 4495 +124 0.0 3.00 0.0 e 146 15315 1+ 5190
223 5.96 149 00 3.00 0.0 116 2.2380 2.2245
224 3.00 +075 5«0 300 0.0 «074 0.5526 0. 5411
225 297 074 “5.0 3.00 0.0 074 0. 5572 05516
206 299 075 =100 300 0+0 « 069 0+5645 0.5684
007 2+99 -075 =150 300 0.0 . 060 0+ 5551 0e5T1S
008 2+97 074 =200 300 0.0 « 048 0. 5352 0. 5588
029 2.95 +074 =275 3.00 0.0 + 029 0.5215 0+ S0 61
230 2.98 <074 0.0 3.00 5.0 «079 0. 5882 057N 7
231 2.98 +074 0.0 3.00 5.0 .078 O« 5120 0. 5064
232 2.94 +073 0«0 3400 =10¢0 «079 0+ 4534 O+ 44B 6
233 3.02 +075 0«0 3+00 =15.0 .08 0.4199 O+ 4219
234 301 075 0«0 3.00 -20.0 « 088 0+3015 0.3284 :
235 2.98 +075 0.0 2.00 0.0 . 088 0+ 5548 0+ 5494 i
236 3+00 075 0.0 4.00 0.0 +078 0« 5595 0+ 5490
237 301 075 0.0 500 0.0 . 081 0+5676 05578
D38 2497 <074 0.0 6400 0.0 « 065 059517 0+ 5488
239 4.90 +123 5«0 2+00 0.0 «123 1+5111 15265 :
240 4+.00 +100 -5.0 3.00 0.0 «125 0.9847 049802 %
241 5¢99 150 =15.0 5.00 -10.0 014 2.1832 2.2123 i
042 5099 +150 <-27.5 6.00 -5.0 =-.038 2+1501 2.1493 i
243 3497 +099 =-27.5 6.00 -20s0 =-+046 0.8487 08527 :
244 2499 4075 -5.0 3.00 =5.0 077 0+ 5186 0«5171




|
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L‘N' R-1851

TABL.E A-21 {cont'd)

MEASURED AND FITTED SIDE FORCE

b

i ‘ BETA=20.DEG

P

- RUN cv W PHI THETA PSI YA MEASURE{* FITTED

1 245 4.91 123 5S¢0 3¢00 =20+0 056 11198 1.0851

: 046 174 <044 =150 600 0.0 +155 0+1756 01839

; 247 3.90 <098 =10.0 2.00 =200 111 00355 02964

t 248 4496 +124 5.0 2.00 -5.0 « 059 14599 1+ 4698

¥ 250 3+99 <100 =540 6400 =20+0 «058 0. 7667 0+ 7531

. 252 6.05 <151 =100 3.00 5.0 « 105 24+ 4590 2+4783

- 254 2.9F 099 =000 400 =540 «104 0+7736  0+7646

. 255 2499 075 =10+.0 3.00 =10.GC 136 043386 03298
256 2497 <074 =50 3.00 -5.0 «079 D«5146 05109
259 5.02 125 =200 4¢00 5.0 «135 1+ 7503 1+ 7068
261 3.00 075 -5.0 200 =10.0 «067 0. 4881 0. 4828
262 4.01 <100 “5¢0 6+00 =150 « 059 0+8444 0+.8438
263 2¢10 053 =15.0 2¢00 =20+0 +055 0.1707 01815
264 606 152 5S¢0 3+00 =20¢0 . 052 1« 7126 1+ 6946

D65 6:09 152 =-15.0 2.00 =-15.0 «027 20185 20191
266 4.00 +100 =100 5.00 =20+0 +086 0+ 5749 0+5720
D67 4493 +123 =150 2.00 =-20.0 «063 08090 0+8506

068 2498 +074 =5.0 3.00 =50 «.078 0.5138 0.5128
569 2403 +051 =150 4¢00 =150 «069 0.1941 0.2104
270 5+¢97 +149 =5.0 5400 5«0 +095 2.0 709 2.3222"
571 4495 <124 =100 2.00 =-10+0 «056 13569 1. 3281
570 5497 <148 00 3400 =540 «067 2.1125 2.1108
073 5.00 +125 =50 2.00 Se «069 1+ 6507 1. 6585
074 5495 +149 =-5.0 3.00 0. «099 2.2643 22060
075 4.97 +124 =200 5.00 Se «040 1. 5923 1+5483
576 5498 150 =25.0 S5.00 Se «031 1+9838 1.9941

0

0

0

-5.0

278 Se62 140 5.0 6+00 =150 +104 1.3980 1.3872 ‘
579 2.75 <069 =5¢0 3+00 =5.0 <093  0:4456 0. 4249
DBO 369 092 -15.0 5.00 Se0 +021 0+8778 0+8738
582~ 4409 +102 =200 4.00 =-10.0 +083 0.7795 0.7216, :
583 492 123 =100 2.00 =150 <066  1.2233 1.0569" ‘
D84 2.06 «052 =20.0 3.00 5.0 062 0.2806 0+3154,
085 4¢84 <121 =-25¢0 5.00 =150 025 1.1558  1.0709
312 2.26 +085 0.0 3.00 0+0 +095 0.4683 0.4711
313 320 120 0.0 3..0 0.0 +084 049530 049514
314 4.29 161 0.0 3+00 0.0 +055 1+7325 17241
315 S5e24 +196 0.0 3.00 0.0 +046 2+5880 25804
316 6e14 230 0.0 3.00 0.0 +037 3+5489  3.5622
317 3.12 <117 0.0 3.00 0.0 +063 09094 0.9021
318 301 113 0.0 3.00 0.0 125 0.8335 0.8413 |
320 4s16 156 0.0 3.00 0.0 125 1.5891 16085
321 405 152 0.0 3.00 0.0 125 15267  1.5300 :
324 4.99 +18° 0.0 3.00 0.0 +129 2.2923 2.3151
325 4499 187 0.0 3.00 0.0 +152 2+3103 2.3037 ‘
326 3.01 113 5.0 3.00 0.0 +078 0+8424 0.8391 ;
397 3.01 +113 =50 3.00 0.0 +0B1 0+84B7 0.8514 '
308 2.99 112 =10.0 3.00 0.0 +071 0+sBA65 08468 o
309 3.01 113 =150 3.00 0.0 +051 0+3482  0.8682 R
330 3.02 113 =20.0 3.00 0.0 +044 048358 0.8666 Lo
331 2.99 112 =275 3.00 0.0 +02! 0+8083 0+8184




RUN
332
333
334
335
336
337
338
341

346
347
348
349
350
351

352
353
355
359
360
36t

362
363
364
365
366
370
3n

372
373
374
376
378
379
380
381

384
386
387
390
395
396
397
398
399
402
403
404
405
702
703

cv

2695
305
2.81
281
283
287
2+ 90
306
1«90
406
4097
4. 99
3.0t
4.05
594
4499
5«00
4. 00
400
5¢99
4. 01
4.04
4.03
2497
497
552
5.02
2.99
197
292
5.00
4.02
601
4¢97
2499
595
4485
512
610
4.23
3.19
315
4. 10
307
606
311
2.98
4.04
2.99
1.98

R=1851

TABLE A-21 (cont'd)

MEASURED AND FITTED SIDE FORCE

W
o111
114
«106
«105
« 106
«107
« 109
«115
«071
+ 152
« 186
« 187
«113
+ 152
« 223
« 187
«187
« 150
« 150
+ 225
+ 150
« 152
« 151
«111
« 187
« 207
« 18K
s112
e074
« 109
«187
« 151
«225
«187
o112
«223
« 182
«192
+ 229
158
«119
«118
v 154
*115
«227
117
112
151
« 224
¢ 149

oS
-

s
I
OO0 00000O0 T

(oNeloNoNoNeNoYoNoNoNeo e

)
—
w
e

-3.0

BETA=20.DEG

THETA

300
3.00
300
3.00
300
200
4. 00
5.00
4400
3.00
4¢00
400
3.00
6+ 00
2+.00
5«00
5+ 00
500
4.00
5«00
6+ 00
4400
3.00
300
600
3.00
3.00
2.00
6.00
600
200
600
2+00
2.00
300
3.00
3.00
3.00
5.00
6+00
4.00
4400
5.00
300
2+00
5.00
600
5+ 00
3.00
3.00

PSI
5.0
-5.0
=10.0
“15.0
=20.0

)

] [
NOOCOO0OUUMODO 1OWLMUDWVLUEOOO
L ] . * [ ]

:
n
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NN

OO0

P

=100
~10.0
0.0
0.0

A88

o

zT
+04)
+ 092
+ 097
« 098
+ 068
«105
« 078
« 081
«136
+086
+ 086
«117%
«087
«019
+ 040
«072
«079
+098
« 209
«01]
«016
+ 192
«129
«091
+ 055
+ 090
+ 069
+094
«187
«105
«07
o126
« 004
«082
« 082
« 094
« 092
114
+0B9
» 038
+ 128
«097
«137
« 061
«040
« 131
«135
« 090
«093
«123

MEASURED
0.8317
0.8106
D. 6326
05603
05799
0. 7594
0.« 7798
08698
03638
104462
1. 695}
2+ 4595
0. 7995
1+5435

32620
21786
2.2013
15355
16505
209348
145144
10204
14898
0« 7706
19684
1+« 7890
243686
05017
02374
0. 6882
243546
0+8694
3.3995
20494
Q.78 73
34555
2.00817
22275
28433
1. 6378
0.8534
0. 7044
1. 6412
08476
35093
0. 6090
0.559%
141725
1« 6427
D¢ 7154

FITTED
0« 7943
0.8118
0+ 6285
05595
0+ 5862
0. 7722
07794
G.8712
0.3774
1+4453
1. 6133
2. 4B 68
0+7996
1e 5473

o

kD

342892

22309
2.2355
15326
1. 6828
2.9057
15152
1.0229
1495}
0. 7747
148154
18361
2+38B6)
D¢ 5175
02176
0. 6683
2+ 3457
08767
34206
20667
0s 7926
3+ 4309
19869
2.2136
2.8384
}e 6478
0.8081
0.7130
106564
08596
3. 4850
0. 6383
0+«5789
141717
1+ 6413
0« 7389

o




ORI PRI 7 FFT R o gy s

RUN
704
705
706
707
709
7t0
711

712
713
714
715
716
717
718
719
720
721

722
723
724
726
728
730
731

732
733
735
736
737
738
T41

743
744
746
747
749
750
751

752
754
755
757
758
759
760
761

763
764
765
766

cv
24 49
3.01
2499
2+99
3.01
301
3.01
3.00
3.00
3.00
301
3.00
3.01
3.01
301
3.01
3.02
3.00
3.0t
253
2.53
299
2+99
195
2449
3.00
197
3.00
3.00
199
2+ 48
252
204
3+01
3.01
307
257
2457
2.07
200
2e14
2¢51
251
2¢51
3.00
3.00
251
299
299
2.02

MEASURED AND FITTED SIDE FORCE
BETA=20.DEG

W
«187
226
«224
«224
e 226
226
e 226
.225
«225
« 225
226
«22¢
«225
225
«226
+ 226
226
« 225
226
« 190
«189
e 224
e 224
o147
«187
« 225
o148
« 225
« 225
« 149
+ 186
«190
« 153
e 226
« 226
+ 230
«193
«193
+ 155
e 150
«160
« 188
+ 189
-« 188
e 225
e 229
« 188
e 224
« 224
¢ 151
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TABLE A-21 (cont'd)

ZT
«103
+07
«115
«176
+ 0BS5S
+ 091
«076
«057
« 028
«006
- 088
« 099
+ 099
«103
«+104
« 090
<100
«094
» 089
+084
«256
.165
261
«249
«010
« 100
« 079
+ 094
.‘41
«137
«132
«273
«092
« 242
+086
e166
«129
«067
«018
«257
+ 120
« 339
e 0 62
« 280
«094
«257
+« 301
«103
+ 183
«372

MEASURED

1.1362
16779
1. 6353
1« 6487
1« 6595
1. 6723
16706
1+ 6630
1. 6587
1. 6349
17039
1. 6033
15355
1. 4291
1.2802
e 6821
16706
1+ 6567
16766
1.0008
1.0827
15275
1. 6874
0.5216
10945
16100

0+5842

1. 6835
1.08B46
05573
10700
0.8927
0. 127
0+ 7445
1. 6238
15289
11936
12247
0. 6933
O+ T431
O« 7414
02652
1.0774
0.8342
16167
le 2674
0.9215
15935
142177

=1.8533

FITTED
11481
16579
1¢ 6492
16403
1¢ 6812
1 6622
1 6573
1 6511
1¢ 6617
1+ 6482
1. 6B68
1+ 6031
15296
14204
12950
1+ 6808
1+ 6666
1 6540
]+6826
0.9981
10719
14956
1« 6786
05199
1.0811
15925
0+5497
17064,
117917
05764
10876
09021
0. 7260
0.7627
1+ 6} 41
1+ 5448
12359
1.2510
06795
0. 7456
09100
0. 3050
140594
0.8412
15941
14714
09118
15951
101701*
0.8008




{. R-1851
-

! TABLE A-2} (cont'd)
4 MEASURED AND FITTED SIDE FORCE
BETA=20.DEG
|
RUN CV W PH1 THETA PSI ZzT MEASURED FITTED
769 2.51 +188 -10.0 .00 =-15.0 234 0.7300 0.6811
771 3.00 .225 =10.0 2.00 5«0 .107 1+ 7051 1.7217
772 3.00 225 =-25.0 S5+00 -10.0 « 151 1+1175 1.19437
773 2.98 +.224 =5.0 3.00 -5.0 «103 15817 1+ 5654
774 2.49 +186 =100 4.00 0.0 . 251 1.0820 1.0624
775 2.98 «224 =-10.0 6+00 -5.0 «176 1+4397 14467
777 2+.49 «187 5S¢0 8.00 =100 330 0.7696 0e7600,
780 297 223 =25.0 6.00 -5.0 .212 1.0557 12066
781 2+.48 <186 +~25.0 5.00 -20.0 <104 046311 0. 6817
MEAN ERR@R= -0.0230
STANDARD DEVIATION=  0.0576

haeslon £ i e 2ol L i rinl g
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R & A

cv
400
4.00
400
4000
4.00
400
4.00
4+ 00
4.00
400
400
400
4. 00
4«00
4.00
400
4. 00
4+ 00
4. 00
4.00
4.00
400
4.00
4.00
2.00
3.00
5. 00
600
5.00
2.00
3.00
4000
3.00
2.00
200
500
2.00
3.00
4400
4.00
6.00
4.00
3.00
4.00
4.00
3.00
5.00
2.00
400
3.00

«000
- 000
«000
« 000
«000
«000
«000
«000
«000
« 000
«000
«000
«000
«000
«000
«000
«000
« 000
«000
« 000
+ 000
«000
«000
«000
«000
«000
« 000
«000
«000
+ 000
«000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
«000
« 000
«000
« 000
«0U0
« 000
« 000
« 000

R~1851

TABLE A-22

PHI THETA

2¢1
4. 6
7.2
97

O VIS e By
VOO—-updpWUnO Vo

L
(VT e Ne)
e ® ® e o & &

—

2+ 60
250
2. 60
2450
2+ 40
250
2. 60
2. 60
2. 60
2. 60
24 60

26 60°

1. 60
3.70
4+ 70
5«70
2+ 60
2. 60
1. 60
1. 60
2.80
2. 70
2.70
2. 70
2. 60
2¢ 60
2. 60
2. 60
2. 40
Se 50
44 50
44 50
4+ 50
4+ 50
4+ 50
4¢ 50
40 S0
3+ 50
250
6+ 50
2+ 40
S« 60
S5« 50
2+ 50
3. 50
S« 50
6« 50
4« 60
250
6+ 50

ZT
« 043
«+035
«139
«020
«011
«028
« 048
«046
«046
« 048
«047
«046
«Q 62
«039
«036
«032
«038
.061
« 048
« 049
«039
«101
.159
«170
«083
.057
«040
«035
.076
« 287
« 058
«007
«031
«079
«056
«019
124
«+110
« 0 42
111
«034
« 243
«059
«112
«033
« 045
«030
«036

-+005

MEASURED AND FITTED ROLL MOMENT
BETA=10.DEG

MEASURED
-0.0005
-0+0135
=0.1293
-0.0360
~0.0521
-0.0204
0.0107
00163
-0.00 66
-0+0145
-0.0288
-0.0392
00068
0.0101
0.0118
0.0122
0.0089
0.0088
0.0112
0.0078
0.0250
0.0153
0.0185
00255
0.00 62
0.0103
00075
0.0068
-0.0231
0.0094
-0.0 629
-0.1132
-0+0158
-0.0814
-0.0543
-0.0564
-=0.1760
-0.2548
-0+19585
~0.0506
-0.2907
-1.2447
=-0.0093
-0.1524
-0.1103
-0.0151
-0.0186
=-0.0203
-0.0226
-0+01 63

-0.0135%
-0.0083 "

FITTED
0+01137

-0.0002 "

-0.0908
¥

0.0010
0.0256"
0.02997
0.02277
0.0181 7
0.01577
0.01987~
0.02607
0.02647
0.0264"
0.02647
0.02647
0+02547
0.0264%
0.0264%
-0.0125%
0.0250 %
0.0246

0.0245
0.0264™
0.0264%
0.0264%
0.0264™
0.0404T
01036
-0+02957
-0+21437
-0+0017%
-0+0688

-0.0540

-0.0738

-0.1748

-0.2852

-0+2006
-0.0980%
-0.2419

-1.2156

0.0593%
-0.1586,
-0.240 6,
0.0515,,
0.0584
-0.0177

-0.0190

00599 "

ot
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PP, LR P AT U SIS L TR S W L e AR

P RUN

59
60
61
62
63
64
65
66
67
68
69
70
A
72
73
74
76
77
78
79
80
81
82
83
84
85
87
88
89
90
91
92
93
94
95
91
98
99
100
101
102
103
105
106
107
108
109
110
111
1t2

cv
4.00
400
400
3.00
5.00
300
4.00
5.00
3.00
6.00
3.00
600
600
4400
2.00
4.00
5.00
2.00
600
3.00
3.00
4400
4400
3.00
3.00
400
2.00
400
2+.00
6+00
200
5.00
600
6.00
6+ 00
4.00
S.00
3.00
400
4+00
600
3.00
S.00
400
3.00
4.00
200
3.00
3.00
3.00

oo
_—

R~1851

TABLE A-22 (cont'd)

MEASURED AND FITTED ROLL MOMENT
BETA=10.DEG

W PHI THETA PSI ZT MEASURED FITTED
+ 000 2.5 3.60 5.0 «040 <-0.0080 Oe 001.,
+ 000 2¢5 3460 S5¢0 +029 =0+G045 0.0101°
« 000 S5¢1 3450 5¢0 +043  0+0461 -0 0364:
«000 0.0 2450 5.0 «C54 C.0028 0.0249 °
« 000 2.5 2450 5S¢0 «035 =-0.0126 0.0107%F
+ 000 9.9 2.60 Se0 «013 -0+0129 =0.03047
«000 Se0 2460 5.0 +039 =0.0132 -00167
«000 Se0 6s 60 S¢0 +022 -0.0114 =-0.0185%
+ 000 9.9 6460 5.0 + 020 0.0463 0+0430
+ 000 12¢4 570 5.0 <006 0+0388 =-0.1395°%
« 000 ~S5e1 6460 50 240 0.1183 0. oosz‘
« 000 -5¢1 5.70 5«0 +016 0.0020 0. 1894'
. 000 Ted4 S.60 5.0 «012 =0.0114 =0.0852°
«000 124 5.60 5«0 102 =-0+3540 -0+3600
+ 000 0«0 5460 5¢0 « 060 0.0088 o-oava?
+000 2.4 3.60 5¢0 +041 -0.0147 0.00147
. 000 2.4 5.60 0.0 <026  0+0024 -0.0126%
« 000 4.9 5.70 0.0 «329 =0.0488 0.0117%
« 000 7¢5 5¢70 0.0 «01S =-0+0148 =-0+13397%
. 000 124 5460 0.0 112 =0+1807 <-0+1662
« 000 12.4 S.60 0.0 247 <=0.2961 -0.2708
+000 1204 4. 60 0.0 «117 <=0.2882 =-0.21776
+000 449 6. 60 0.0 «099 =0.1316 =0.0872
+ 000 =5¢1 6460 0.0 ¢ 049 0.0574  0+0407_
« 000 2.4 2460 0.0 «044 0.0073 0.0135
«000 Ted 2460 “5¢0 «026 =-0.0084 0.0001 °
«000 4.9 2460 -5.0 +135 =-0.0030 0. 0242
+000 4.9 2.60 =5.0 +061 =-0.0197 O ooao
«000 Ted 5470 =540 «285 0.0117 0.0949%
« 000 7¢5 6470 ~5¢0 «014 C.0074 =0 18“41
+ 000 0+0 4e60 -5.0 119 0.0100 0.0264
<000 0+0 3.60 -5.0 +037 0.0231 0.0180
« 000 9.9 3.50 -5.0 «110 =N~1293 =0.1356
<000 9.9 4+ 60 -S.0 «078 2138 -0.2255
« 000 10.0 5460 “ 5.0 <002 us0035 =0.1711
« 000 9.9 5.60 -5.0 <037 -0.0218 -0.0620"
« 000 9.9 5.50 -S5.0 «097 -0.2303 -0.2030,
« 000 0«1 6460 -5.0 o142 0.0204 O. 0539
«000 4.9 6. 60 =5.0 «034 =0.0102 -0 0244
+ 000 2.4 3.50 5.0 «+039 =-0.0117 0.00317%
« 000 9.9 2450 0.0 105 =0.2613 =-0.2355
000 -5.1 2.50 10.0 «122 -0+.0487 -0.0136%
« 000 10.0 3.50 10.0 013 -0.0853 -0.1004
« 000 5¢0 3450 10.0 «045 =0.0547 -0.0472
«000 Ted 6450 10.0 158 =-0.2001 -0.2309
« 000 125 6. 60 10.0 «006 =-0.0493 -0.0048"
« 000 =S¢l 6460 10.0 «057 0.0252 00236,
+ 000 2e4 6450 10.0 «077 =-0.0540 0. 0177
« 000 =51 5.60 10.0 2135 0.0177 0.0420%
« 000 125 5.60 10.0 «006 =0.0427 =0.0267




MEASURED AND FITTED ROLL MOMENT

. R-1851
&
TABLE A-22 (cont'd)
k-
: BETA=10.DEG
i
3

RUN cv W PHI THETA PSI ZT

MEASURED

FITTED

. 113 4.00 +000 2.4 3.60 5«0 «038 =~0.0078 o-ooaei
114 4.00 .00C 0+0 3.50 15+0 «042 -0.0289 0.0323 ,
; 115 4+00 <000 12¢5 3460 15¢0 <001 =-0¢0693 =0+1578"
. 116 3.00 +000 Ted 2460 1540 «139 =0.1839 =0.2280
117 4.00 «000 Tea 2450 150 +030 =0.0538 -0.0640
- 118 3.00 «000 5.0 250 15.0 +067 =-0.0539 ~-0.0424
k 119 3.00 .+000 2.4 2450 1540 057 -0.0282 0.0022 "
5 120 600 +000 2.4 2450 150 +069 =~0.1313 <=-0.1633
121 3.00 000 0.0 260 15.0 «172 =-0.23539 =-0.2102
126 600 +000 449 2.50 20.0 +065 =0+2354 =-02620
127 4.00 .+000 Se0 2.60 20.0 «137 -0.2813 =0.4478"
128 6.00 +000 125 5450 20.0 +022 =-0+4283 -0.4042
129 2.00 +000 125 6060 0.0 «057 =-0.0470 00707
130 S5.00 +000 60 6 HEARX 7¢5 +181 =0.0083 0.3988
131 6.00 «000 =5.0 6+70 0.0 «022 0.0274 0.1518"
132 3.00 +000 9.9 3.60 0.0 «148 -0.1179 =-0.1180
133 4.00 +000 Tea 3+60 5S¢0 145 =0¢1995 <=0.2677
134 3.00 .000 9.9 3.70 5.0 +224 -0.2553 =0.2917,
135 4.00 +000 2.4 3.60 5.0 «040 =-0.0119 0.0024
138 4.00 +000 ~5¢0 560 20.0 «221 =0.9830 =-0+6555
139 4.00 «000 =5¢1 3.60 5.0 «044 0.0463 0.0731°
1 197 «049 0.0 3.00 0.0 «057 =-0.1892 =-0.1983
2 1«98 +050 0.0 3.00 0.0 +058 <=0.1902 =0.2004
3 3.15 +079 0.0 3.00 0.0 «029 =-0.5120 =0-5110
4 4.01 +100 0«0 3.00 0.0 «022 =-0.8395 =0.8275
6 5.30 <133 0.0 3.00 0.0 033 =1+4630 =-1.4653
B 6:00 150 0.0 3.00 0.0 032 <-1.8879 <=1.8949
10 301 075 ~2.5 3.00 0.0 042 =0+4422 =-0¢4498
9 3.12 +078 S«0 3.00 0.0 «038 <=0¢5162 -0+5306
11 3.02 076 -5.0 3.00 0.0 «037 =-0+4363 =-0.4392
12 2.95 :074 -7.5 3.00 0.0 «+033 <-0.4090 -0.+4044 5
13 298 075 10.0 3.00 0.0 «032 =0+4029 -0+3977 1
14 2.96 +074 125 3.00 0.0 +026 =-043791 =-0.3802
15 2.95 074 0.0 2.00 0.0 «064 =0.4414 =0+4499
16 2.99 +075 0.0 4.00 0.0 e047 =-0e48466 =004525 ;
19 2.72 068 0.0 5.00 0.0 041 <-0+3744 =0.3690 1
20 2.68 .067 0.0 5400 0.0 04} =043602 =0.3578
21 3.14 .079 0.0 6400 0.0 +033 =-0+4997 -0.4924 i
22 2.01 +050 =75 6400 0.0 +0B9 =0¢1379 =0e1667 i
23 2.98 +074 0.0 3.00 0.0 025 =0+4511 =-0.4567 ’
24 2.97 +074 0.0 3.00 0.0 072 -0.4584 =0.4471) ‘
25 2.46 <062 0.0 3.00 0.0 151 =-0.3081 =0.29473
26 3.46 <087 0.0 3.00 0.0 2103 -0.6298 -0. 6084
27 2.96 +074 0.0 3.00 0.0 ¢127 =0+4535 <=0.+4365 .
28 2.93 +073 0.0 3.00 0.0 «181 =0.4456 =0+4209 :
30 4.49 112 0.0 3.00 0.0 193 =-1.0609 -1.0338 .
31 5.03 +126 0.0 3.00 0.0 *115 =1¢3458 =1.3151 i
32 3«15 +079 0.0 3.00 -%.0 «055 =-0.4974 =0.5009
34 3.07 +077 =2.5 3.00 5.0 «054 -0+4579 =-0+4575
35 582 146 D0 300 -S.0 «049 -1.7708 =-1.7618
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RUN
36
37
38
39
40
41
42
43
46
47
48
56
57
58
59
60
62
65
66
67
69
70
A
72
74
75
76
77
78
79
80
82
83

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

cv

5«77
4.91

2.87
596
300
602
2495
Se21

3.09
3«14
3+09
5.23
5¢19
S¢12
3.05
4,17
518
410
615
2.11

4:05
3.01

3«00
6.08
505
6.03
505
505
4.02
204
5.33
387
3«02
185
2.96
395
5.02
6«09
3«86
391

3+96
4.03
4.01

3.99
4.02
3.99
4.01

4.00
4.01

3+99

e i e s b b
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TABLE A-22 (cont'd)

MEASURED AND FITTEC ROLL MG@MENT
BETA=IO{DEG

W PHI THETA PSI ZT MEASURED
*144 =125 6.00 ~5.0 +008 -1.5408
+123 5¢0 2.00 -5.0 «+040 -1.2770
«072 =-10+0 4.00 =5.0 +157 =-0.2127
«149 -125 5.00 =50 +045 -1.4310
+ 075 0.0 3.00 =-10.0 +135 -0+4350
+ 150 =T7¢5 500 =-10.0 «025 =1.7312
«074 ~2+5 2.00 -10.0 +057 ~-0.+4102
130 -5.0 2.00 -10.0 «022 =143393
«077 =5¢0 2.00 =-10.0 +092 ~0+4078
« 079 =2+5 3.00 -5.0 «+036 ~-0.4814
«077 0+0 3.00 =-15.0 +041 -0+4510
+ 131 -5.0 3.00 =-15.0 +060 -1+1716
+« 130 “=5¢0 2400 =15.0 027 =1+2652
+128 =12.5 500 -15.0 +027 =-0.8540
<076 0.0 3.00 =-20.0 +048 -0+ 4253
104 =125 6400 =-20.0 =+007 =-0+6842
- 129 5¢0 3.00 +~20.0 +022 -1.3112
«102 =2¢5 6400 -2GC.0 <033 ~-0.7424
«154 =10.0 500 -20.0 « 004 =~1.6047
+ 053 =75 2.00 =-20.0 «046 -0.1321
+ 101 =50 5.00 =-20.0 «047 -0+ €447
«075 =75 2.00 =-20.0 «076 -0.2460
+075 0.0 3.00 5.0 +038 =-0.4626
+152 =50 3.00 5.0 +057 =-1.8725
«126 =-10.0 3.00 5.0 «108 =-1.2652
« 151 “2+5 5.00 5.0 +047 -1.8458
126 =25 2.00 5.0 +038 =-1.3336
+126 =100 5.00 5.0 +031 ~1.1725
« 101 -7¢«5 5.00 5«0 +008 -0.8160
+051 -10.0 3.00 S«0 «016 ~-0.1891
+ 133 =25 3.00 0.0 «+061 -1.4868
«097 =25 2.00 0.0 «099 =0+ 7648
«075 =2+5 3.00 =5.0 +038 -0-4465
+ 069 0.0 3.00 0.0 +060 ~-0.2500
«111 0.0 3.00 0.0 +044 -0+ 6671
e 148 0.0 3.00 0.0 +033 -1.20° 4%
+ 188 0.0 3.00 0.0 +025 =1.9660
. 228 0.0 3.00 0.0 + 022 =2.9043
» 145 0.0 3.00 0.0 +028 -1+1470
«146 0.0 3.00 0.0 +045 ~=1.1747
» 148 0.0 3.00 0.0 «067 =-1.2348
« 151 0.0 3.00 0.0 «117 =1.2598
« 150 0.0 3.00 0.0 «158 ~-1.2540
« 150 5.0 3.00 0.0 «027 -1.2689
* 151 ~2¢5 3.00 0.0 «031 ~-1.2284
150 =50 3.00 0.0 «027 =1.1890
« 150 =75 3.00 0.0 +017 =1+1996
«150 =-10.0 3.00 0.0 011 =1.1762
«150 =125 3.00 0.0 «006 ~-1.1648
«150 -12.5 3.00 5.0 +007 =-1.1837

A9L

FITTED
=1.5122
=1.2616
-0+1688
=14390
~0.3485
‘1070‘4
=0.4214
~1.3694
-0.3542
-0+ 4902
“0e4677
-1.1244
'1;2838
=0+9106
=0+.4372
-0. 6313
=1¢3115
=0« 7849
-15955
01553
-0+ 6521
-0.2841
-0+ 4569
-1.8547
~1.2122
-1.8275
=1.2952
-1.1550
-0+ 7781
-0.1893
-1+ 4388
“0e 7448
=0.+4509
-0.273
-0. 6813
=1.207N
-1.9639
‘2;9175
-1+1560
~1«1811
=1.2111
=1.2507
-1.2338
-1.2722
~1.2308
-12006
-1.2033
-1.1938
-1.1922
~1.2089

e vammae e n




T AT e

RUN
435
436
438
440
441

443
444
445
446
448
449
451

452
4595
456
457
458
459
460
463
465
466
467
469
470
471

473
475
476
483

48 4

485
487
488
489
490
491
492
494
496
499

- 500

502
503
505
506
507
508
512
513

cv

400
4.02
397
401
4¢G0
3+98
398
398
3.98
4402
403
1+81
4,01
4091
4490
2.92
400
5.96
5.01
4402
5.97
597
4+ 00
505
3.01
2.99
4496
4097
497
1.98
2.91
3.01
393
3.00
4¢13
6.08
4.10
404
318
607
605
408
3.09
3.10
3.03
3.02
3. 01
2499
2.01
515

R=1851

TABLE A-22 (cont'd)

MEASURED AND FITTED ROLL MOMENT

W

+ 150
+ 151
e 149
«150
«150
« 149
e 1 49
o149
e 149
151
« 151
«+ 068
« 150
«184
« 184
109
+ 150
«224
« 188
151
« 224
«224
+ 150
« 189
«113
112
«186
« 186
« 186
«074
+109
+113
e 148
«113
« 155
e 228
e 154
«152
«119
e 228
227
«153
s116
«116
v114
«113
«+113
«112
«075
«193

S Y ~ NN

BETA=10.DEG

PHI THETA

-12+5
~12+5
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=125
-2+¢5
=25
-‘205
=540
-5+0
~Te5
=10.0

LIRS 7

3.00
3.00
300
3«00
3.00
3.00
3.00
2.00
4.00
5.00
600
4.00
3.00
400
4¢00
3«00
6+00
2+00
5.00
3.00
200
5«00
600
400
3+00
3.00
600
200
3.00
6.00
2.00
6+ 00
2.00
3.00
200
2.00
300
300
400
5.00
5.00
600
400
4.00
500
3.00
200
5.00
6.00
500
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AS5

zZT
-+002
-«004
«032
«035
+036
« 040
«035
+036
+032
« 025
+024
«132
« 043
131
+ 099
«043
«010
«025
«045
«110
« 090
«+01
«011
<083
«131
«047
+024
+086
+ 031
+168
+ 089
+133
«097
«043
« 112
« 081
«075
«028
«140
«074
« 001
«015
«105
« 053
e 161
« 041
«092
«104
« 220
« 042

MEASURED

=1+1570
-1+.1268
-1.2237
-1.2242
-1+1901
-1¢1457
“1.1079
~1+42294
-1.2214
-1.2347
~1.2329
-0.2016
~1.2018
~0.8183
=1. 6857
-0+ 6231}
~1.1687
-2+ 7643
-1+ 7040
~1¢1652
-2.8304
-2+0552
-1.2020
-“1.91i84
-0+ 6531
-0« 6569
-1+ 6603
-1+ 6109
=1.9797
-0+1452
=0« 6249
-0+5100
09742
-0« 6670
=1+3205
~2+9033
=1+1299
=1+2725
=0« 7164
-2+ 17324
-2+ 6055
=1.2350
=0¢5342
-0+ 6634
=0 6466
-0+ 67217
=0+ 6732
-0+ 5682
~0.0949
~1+ 6610

FITTED
~1«1572
11034
~1.2068
~1.2388
~1.209S
~1.1523
-1.1071
12372
-1.2232
=1+244)
-1+2486
-0.1933
=-12110
-1.2862
=1¢7391
-0+ 6452
=1.1907
-2+8021
-1+ 7440
-1.1209
-2.8752
-2.0725
11906
~1.9358
-0+ 6580
-0+ 6758
=1+ 6597 "
-1.4008™
=1.9725
-0.1607
-0. 6475
-0+35183
-1.0089
-0« 6822
13314
-2.8795
~1¢1354
~1+2675
~0. 6578
~2+ 7344
-2¢ 5532
~1.2517
~“0.5398
~0. 6768
~0. 6878
=0+ 6904
-0+ 6951
=0« 5451
-0.0879
-1«7256

k3




RUN
514
795
796
797
798
799
800
801

g02
803
804
80S
B06
807
8og
809
210
811

812
B13
815
816
817
B18
B19
820
821

822
823
B24
825
826
827
828
829
830
831

832
833
834
835
836
839
820
841

842
845
846
847
848

cv
5410
300
2«99
3.01
3.00
3.01
300
3«00
2.99
299
298
299
3.00
3.00
2¢97
3«00
2.99
3.00
3«00
300
2«01
2 5]
3.01
3.02
3.02
2.03
3.01
3«01
2.02
252
2.01
2. 48
2. 48
2¢99
199
2.00
250
2099
196
295
296
198
2+06
203
298
2499
298
3.01
2054
3.01

R=-1851

TABLE A-22 (cont'd)

MEASURED AND FITTED ROLL MOMENT

BETA=10+DEG

W PHI THETA PSI ZT
+191 =125 2.00 -10.0 <-.016
« 225 0«0 3.00 0.0 « 055
«224 5¢0 3.00 0.0 «047
«226 =2¢5 3.00 0.0 «056
'225 '500 3000 000 0051
226 < Te5 3.00 0+0 «e046
*225 =100 3.00 0.0 + 039
+225 =~12.5 3.00 0.0 «033
« 224 0.0 3.00 5.0 *054
«224 0.0 3.00 =S5¢0 «068
«223 0«0 3.00 =-10.0 <072
+ 224 0«0 3.00 -15.0 «07S
« 225 0«0 300 =-20.0 « 069
«225 0.0 2.00 0.0 «067
«223 0.0 4.00 0.0 «058
«225 0.0 5.00 0.0 « 053
«224 0.0 6.00 0.0 «+056
«225 0«0 3.00 0.0 « 051
+225 0.0 3.00 0.0 + 082
e 225 0.0 3.00 10 130
«151 0.0 3.00 Q.0 <104
*+ 188 =2+5 3.00 9.0 « 069
276 0«0 6400 =20.0 « 066
226 5.0 6.00 =5.0 «175S

6 =2¢5 6.00 5.0 « 211
2 0«0 4.00 =10.0 «205
* 26 =125 3.00 -10.0 «017
LR =2+5 3.00 =5.0 « 065

+152 =-12.5 3.00 -10.0 + 093

+189 <=10.0 3.00 5.0 « 111
« 150 =5:0 3.00 =15.0 112
*186 =12.5 6+.00 -10.0 « 190
17 =125 5.00 5«0 « 281
* 224 0.0 3.00 =5.0 +084
« 149 5«0 600 =-10.0 «287
« 150 =50 3.00 =-10.0 «076
« 187 =2+5 5.00 -20.0 « 248
«224 =2+5 3.00 -5.0 « 065
«147 =50 6.00 =5.0 « 263
« 221 5¢0 5.00 0.0 + 063
« 222 =50 6.00 0«0 «034
*148 ~12.5 3.00 -20.0 «019
«155 5¢0 4.00 0.0 «192
+153 =7+5 3.00 5.0 « 088
«223 0.0 5.00 -20.0 « 219
« 224 “7¢5 6400 =15.0 « 031
«223 50 6:.00 -10.0 «174
« 226 =25 3.00 =5.0 «053
«190 =7+5 5.00 0.0 e 242
«226 <-10.0 S.00 0.0 «204

>
-3

MEASURED FITTED

=1+9220
=1.3912
=1.4128
-1.3816
=“1.3584
=1¢3524
=“1.3279
=13131
-1.3869
“1.3810
=1.3508
=1.3220
- l 028 74
=1+3993
13577
=1«3759
~1.3518
=1+3888
=1.3944
~1«3822
“0e« 6103
‘009757
=1.2694
~1.3775
=1.3207
=0+ 4669
= 12884
~“13736
~0+478)
~0. 9233
-0+ 5192
‘O- S7t3
~0.8617
13765
=0+ 3664
=0. 5631
~0.2660
~1.3486
=0+ 40235
~1.3944
~1«3071
=0.4733
~De 6856
~0. 6006
~0. 4844
“1e2117
~1.1728
~1.3726
-0+ 7936
“1.0560

oy . .

=1+9440
=1+3910
=1+4302
-1.3775
13507
=1+3433
~13174
=1+3025
-1.3755
- 1+3683
=1325¢
=1.2878
= 12435
~1+4075
=1+3512
=13607
=1.3370
=1+3946
=1.3839
~1+3619
-0« 6393
-0+9701
=1.2600
=1.3723
=1¢3654
=0+ 4852
~1.2368
13620
‘004942
-0+9085
=0+ 5548
-0+ 5055
“0.8675
=1.3541
=0.3276
“0+ 6014
=031 7
=1.3475
-0.3872 !
~1¢3692 ’
=1+3026

=0+ 4363 i
=0« 6531

‘0-6132*

=0+ 6988

=12377

~1.2460

~1+3746

-0 7967

=1.0998




R=185i

TABLE A-22 (cont'd)

[ MEASURED AND FITTED ROLL MOMENT
BETA=10.DEG

]

J RUN CcvV W PHI THETA PSI zZT MEASURED FITTED
S B49 2.55 +191 0.0 5.00 =5.0 +Q46 -0.9819 =0.9953
850 2+54 4191 =2¢5 4.00 -15.0 +180 =006555 =0.7071
‘ B51 2.08 156 0.0 5.00 5.0 +038 <-0.6436 '0-6575*
. 852 2.53 +190 5¢0 6+.00 =-20.0 «212 =03049 <~0.6224
’ B53 2.05 154 =5.0 8.00 =-15.0 +288 =-0.2283 =0.1920
’ 855 3.01 .+226 =50 2.00 5.0 «074 -1+3731 =-1.3868
{ 856 253 190 =125 4.00 =10.0 «182 =-0.5732 -0.5788
857 3.00 225 -2+5 3.00 = 5.0 e049 =1¢3649 =-143698

BS8 2.99 224 5.0 4.00 0.0 e157 =12857 =1.2440

859 253 190 =5«0 6.00 ~5.0 «169 -0.8658 =-0.8102

B61 2454 +190 -12.5 4.00 -5.0 «209 =006193 =-0-6529

B62 297 +223 =-12+.5 5S5.00 =200 057 =049045 =0¢9459

B63 3.00 225 =5.0 4.00 =50 «026 =1+3508 =1.3477

MEAN ERR@R= 0.0276

STANDARD DEVIATI@N= 0.0891

A97 -




- R-1851
TABLE A-23

[ MEASURED AND FITTED ROLL MOMENT
, BETA=15.DEG

]
' RUN CV W PHI THETA PSI ZT MEASURED FITTED
g 141 4.00 000 5.0 3460 5S¢0 +050 -0.0222 0.0047
. 142 4.00 +000 =03 2+60 0.0 .063 0.0066 00588 .
; 143 3.00 000 4¢7 2460 0.0 +053 0+0034 0.0539
. 144 6.00 <000 14¢3 3+00 0«0 +149 =0.3737 =-0.3867,
__ 145 4.00 000 4.8 3.60 0.0 +050 00017 040360,
4 146 4.00 +000 =52 3.60 0.0 <050 0+0168 0+0808
’ 147 4.00 +000 =03 360 0.0 +0S58 0.0104 0.05913
] 148 4.00 +000 -0-3 3.+€0 0.0 061 00117 040592
: 149 4.00 <000 =0.3 3.60 0.0 <076 00110 0.0598
! 150 4+00 +000 -0+3 3+60 0.0 .113  0.0133 0.0612
h 151 4.00 +000 =0.3 3.60 0.0 163 0+0279 0.0626
k 152 4.00 +000 -0.3 3-70 0.0 +216 0.0331 0-06387
3 153 2.00 +000 -2¢1 3¢60 0.0 +114 00120 0.0638
3 154 3.00 +000 =03 360 0.0 077 000096 0-05857
155 5.00 +000 =-0.3 360 0.0  +051 00062 0+06057
156 6.00 +000 =03 3.60 0.0 +043 00067 006217
1S7 4.00 +000 9.8 3+60 0.0 «035 =0.0166 0-0332;
158 4.00 +000 14¢7 3.€0 0.0 .0la =-0.0313 0.0621°
159 3.00 +000 14-7 3+60 0.0 «169 =-0+1406 =0+1135,
160 4.00 +000 19.8 3+60 0.0 =+005 =040491 0+11347"
161 4.00 +000 198 4+ 60 0.0 «155 =043332 =-0+3367
162 4.00 +000 197 4+60 0.0 +162 =0+3336 =-0e3488
163 4.00 <000 -0¢3 4.60 0.0 +058 0.0121 0.0598"
164 4.00 000 -0+3 560 0.0 «056 00161 0.0604§
165 2.00 +000 4.7 5.+60 0.0 +371 =0.0361 0.0248°
166 6.00 +000 9.7 Se¢60 0.0 .029 =-0.0065 =-0e1696"
167 300 +000 19¢7 5.60 0.0 «161 =0.2243 =-0.2295
168 3.00 +000 197 5e60 0.0 .280 =-0.3484 ~0e3483
169 2.00 +000 197 660 0.0 <067 =0.0597 0.06387
170 S5.00 000 9.7 6460 0.0 .030 =-0.0061 =-0.11407
171 4.00 +000 9.7 6460 0.0 +147 =0+2420 =0.1837
172 3.00 +000 =53 6+60 0.0 .0B2 0.0426 0.0967"
173 4.00 +000 =03 6460 0.0 .055 0.0168 0s06i27
174 6+00 +000 =52 6460 0.0 .039 0.0210 0.2228"
175 4.00 000 4¢7 3460 5.0 .061 =-0.0216 =0.01107
185 4.00 000 4+7 360 S+ 0 <046 =-0.0085 0.011°97
186 4.00 +000 =03 360 5.0 <065 =-0+0140 00204
187 3.00 +000 =53 3.€0 SeQ 119 0.0211 0.0407"
189 5.00 000 -0+3 2.50 5«0 .063 =-0.0261 <-0.0056"
191 4+00 +000 98 3+ 60 5.0 173 =-0.2818 =-0.2784
192 4.00 +000 9+7 3460 5.0 177 -0.2846 -0.2811
193 3.00 +000 14.7 370 5.0 +250 -043779 =-0.3228
194 3.00 +000 14+7 360 5.0 +017 =-0.0165 0.0604"
195 3.00 +000 1407 1460 5.0 +048 =-0.0287 =0.0144"
196 6.00 +000 =5¢2 5.60 5.0 +035 -0.0028 02394
197 6.00 +000 9.7 5e60 5S¢0 .026 =-0.0172 =0.1202%
198 6.00 +000 198 5¢60 5.0 =-+016 =-0e0702 -0.2124"
199 2.00 +000 =-0¢3 5¢60 5¢0 <101 0.0014 0.0419"
200 2.00 000 =5¢3 5.60 5.0 «257 0s0216 0:0434%
201 4.00 +000 19.8 5660 5.0 139 =0+5776 =0s5421

i e b b i R N
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AR Ak bl LA T

RUN
202
203
204
205
206
207
208
210
211

212
213
214
215
216
218
219
220
221

222
223
224
225
226
227
228
231

232
233
234
235
238
239
240
24]

242
243
244
245
246
247
248
249
250
251

252
253
254
255
256
257

cvV
S.00
5.00
500
3.00
400
400
600
5.00
4.00
200
400
2+00
6+ 00
S«C)
3.00
400
6+00
600
4.00
3«00
400
2.00
3.00
5.00
3«00
3.00
5.00
2.00
4. 00
5«00
3.00
400
5.00
3.00
4.00
A« 00
3.00
3.00
S.00
3.00
5.00
6.00
5.00
200
6.00
3.00
4.00
6.00
3.00
5.00

W
« 000
+000
« 000
«000
« 000
«000
« 000
«000
« 000
«000
« 000
« 000
« 000
« 000
« 000
«000
« 000
«000
« 000
«000
+« 000
«000
« 000
« 000
«000
« 000
« 000
«000
« 000
«0NO0
« 000
<000
« 000
+ 000
«000
+ 000
« 000
-« 000
« 000
« 000
«000
+ 000
« 000
« 000
+ 000
+ 000
« 000
«000
«000
« 000

R-1851

TABLE A-23 (cont'd)

BETA=15.DEG

PHI THETA
14«7 6460
4+ 7 6+ 60
4.8 6+ 60
-5.3 6« 60
4¢7 360
“0.3 3.60
147 3460
=0+3 2450
b4e T 2460
4.7 2.60
9.8 2¢60
"0-3 4e 60
14.8 4+ 60
147 S« 50
9«7 560
9«7 S5¢60
148 5460
14.8 6+ 60
9.7 660
197 6+ 60
197 660
-5.3 6« 60
be 7 6+ 60
=03 6+ 50
148 6. 60
19.8 4+ 60
14¢7 4.50
{47 4H¢ 60
4¢8 3.60
4¢8 350
9¢7 3«60
98 360
Be 6 3450
4.8 3. 60
-0+3 3460
9.7 2.60
19.7 S« 60
~4.9 550
-5.2 S« S0
=03 S« 60
14.8 5¢50
1467 Se 60
0.3 S. 50
a. 7 6. 60
39 6. 60
19.7 6+ 60
=5.3 6+60
=53 4. 60
14.7 4+ 60
Q8 4. S50

PS1 ZT
5.0 «01t0
5.0 «036
5.0 «037
5.0 «279
5.0 «055
-5.0 «063
-5.0 «155
=5.0 +103
-5.0 «(C94
=-5.0 «162
-5.0 «043
-5.0 «170
-5+0 «126
-S5.0 « 150
=50 «242
=5.0 «045
=5.0 « 007
=5.0 «005
-S.0 « 044

100 ~-.009
100 =-+014

100 «104
10.0 117
100 «070
10.0 «191
10.0 «179
10.0 « 035
100 «0317
Se0 «054
100 «118
100 « 240
]0'0 0059
10.0 + 020
100 «131
10.0 <064
100 «050
100 =.003
100 + 180
15.0 «0177
15.0 « 165
15.0 « 029
15.0 «016
150 « 044
1540 «091
15.0 «026
15.0 «+018
15.0 «150
15.0 «067
15.0 «094
15.0 «0177

MEASURED AND FITTED ROLL MOMENT

MEASURED
~0.0266
-0.0191
-0.0167
0.0900
-0.0204
0.0319
0.0224
0.0745
0.0119
0.0111
-0.0000
0.0231
-0.1293
-0+1616
-0.0466
-0.0312
-0.0153
-0.0179
-0.0237
-0.0398
-0.0757
0.0138
-0.0939
-0.0604
=0e 4654
-0«5706
“0+1954
-0.0193
=0.0161
‘002447
-0.3186
-0.0887
-0.1001
-0.0198
-0.0387
-0+0555
=0.0550
-0.0162
-0.0287
-0.0B44
-0+1994
-0.1216
-0+0612
-0.0261
00464
-0+1188
~0.0921
-0+0669
-0.2418
“0+3074

FITTED
~0+¢1591 "
-0.0131
~0.0167,

0.0485
‘000010.,‘_

0.0961"
-0. 1563*

01799

0.1009

0. 0639

0. 0922

0.0920"
~0.2562"
-0.2130

0.0056

0.0200"
-0. 2264
-0 3220
-0.0051"

0.0391
-0.0696

0.0180
'000963 -

0.0389 "
=-0e 4546
-0e5187
-0.2190

0.0577
-0.0015"
-0.2741
-0.3382
=0+1083
-0.0009"
-0 0934
-0.0132%
=0+0759

0. osaa
-0 0175

0. 0317
-0.1405"
-0.2382
-0+ 1630

0o 0879*
-0.0021°

0.2493
-0.1324
-0.1061

01141
’002475
-0+ 3082

*

’L
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RUN
258
260
2861

262
263
264
265
266
267
268
270
21

275
276
277
277
279
280
281

282
283
286
286
287
288
289
290
294
295
296
297
298
299
300
109
110
111

112
113
114
115
116
117
119
120

121

122
123
i24
125

cv
300
4. 00
4 Q0
3. Q0
6«00
4.00
6.00
400
3.00
3.00
600
6.00
4.00
400
400
3.00
400
600
500
6.00
4.00
400
3+00
3+00
4. 00
2+ 00
2+00
3.00
3.00
.00
4. 0N
4. Qt
4.00
5.00
235
2.92
l.88
495
602
287
302
301
2+82
403
3.03
3.02
2«87
289
3.05
306

R-1851

TABLE A-23 (cont'd)

MEASURED AND FITTED ROLL MOMENT

W
+ 000
«000
«000
« 000
« 000
« 000
« 000
«+ 000
+ (00
« 000
« 000
« 000
« 000
«000
+000
+ 000
+ 000
«000
+000
« 000
« 000
« 000
« 000
« 000
«000
« 000
« 000
+ 000
« 000
+ 000
« 300
« 000
+000
«000
« 059
«073
«097
2124
« 150
«072
9076
«075
«0T1
+101
«076
«075
«072
072
076
«076

)
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BETA=15.DEG

THETA PSI zT
4+ 60 15.0 «266
4e 60 150 + 230
4+ 60 15.0 +0 49
4. 60 150 +Q056
44 60 150 «033
3e 60 15.0 » 069
3« &0 150 =~.«009
2+ 60 150 «053
2+ 60 150 «095
2 60 150 «0R9
2+ 50 1%.0 « 099
2450 150 + 097
250 15.0 117
3. 60 5.0 «( 98
3+ 60 20+0 «068
350 200 «D 4%
350 20.0 «133
250 20.0 «100
250 20.0 « 168
2+ 50 20.0 « 028
2+ 50 20+0 «034
2+ 50 20.0 « 020
4. 50 20.0 « 043
4. 50 20,0 «0D75
4050 2000 ‘0004
4. 50 20.0 + 098
4. 60 20.0 «+ 136
5. 50 20.0 « 090
S. 60 20.0 +056
6e 60 200 « 046
3« 60 5.0 + 059
1. 60 5.0 « 082
1+ 60 5.0 +038
150 150 « 051
3:00 0.0 e 069
3:00 0.0 <060
3.00 0«0 « (052
3.00 0.0 « 045
3.Q00 0.0 «037
3.00 0.0 « 049
3.00 0.0 + 081
3.00 0.0 «155
3.00 0.0 «156
3000 000 ‘lel
3.00 0.0 « 059
.00 0«0 «056
3.00 0.0 « 092
3.00 Q0 «046
3.00 0«0 » 040
3.00 S50 « 058

A00

MEASURED FITTED

=0.3844
~0.4266
~0+0373
'0.0476
0.0 795
-0.05%95
"Onl 678
“0.0775
“0.1295
-0.0708
-0.3924
-0.38B45
-0.3418
-0.0152
-0.081 6
~0.1224
~D«3046
~0+ 5232
"0. 7487
~0.2815
~0«1431
~0.0675
~0.0289
=0+v1144
01257
-0+.1240
=031 44
“D.0666
~0.0369
-0.0406
~0.0228
~0.0428
~0.0423
-0.17\8
=0.2630
-00 dl 76
-0« 7520
~1.2337
~1+.8466
~0.3991
~0. 4482
=0+ 4531
~0.3996
~0+8358
~“0«4747
~0+ 4305
~0.370
-0.3353
“0.1772
"0. 4730

~0.3849
‘0.4256*
Q.0127
~0+0460
-0.+0520
=0.052)
-0e1724,
-0.+1238"
-0+1420
=0+0610
-0.+.4023
~0+3897
'003688’.‘
-0.0066"
-0-0682
~Q.1262
‘0-3677
-0+ 4822
~Q0« 7763
~0.2627
~0.1825,
~0+1046,
~0.0143
=D« 1156
“0+1477
-0+1143
=0+3131
=0.0531
0.009A*
0.0331 .
-0.0079"
=0+.0443
-0.0375
-0.1190
“Ds248 4
-0+ 4090
~D» 7492
~1+2436
~1.8469
~0+3913
=D+ 44))
-0+4331
03772
~0-7957
~0.4507
~0+ 4295
"0. 370&
’003630*
~0.3910
“0«a643

s N
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TABLE A-23 (cont'd)
? MEASURED AND FITTED ROLL MOMENT
) BETA=15« DEG
]
P RUN CV W PHI THETA PS1 2T MEASURED FUTTED
) 127 3.01 «075 0.0 2300 =10.0 +067 =0.4028 =0+3895
: 12¢  3.03 076 0.0 300 =-15¢0 066 =0.3782 -0+3674
k 129 3.01 075 0.0 3+00 =20s0 +055 =0.3534 <-0.3642
; 130 2.99 +075 0.0 2400 0.0 <066 =-004409 =0.4346
' 131 3.02 +075 0+0 400 0.0 «0€3 =-0.4453 =0.4358
g 132 3.06 <076 0.0 500 0.0 +054 =0.4540 =-0¢4454
y 133 3.06 +076 0.0 €00 0.0 +057 =0¢4579 =0¢4440
: 136 4.04 «101 =5.0 3.00 0.0 +095 =0.7626 =0¢7692
5 137 6409 +152 =15.0 5¢00 =100 <003 =1.6974 =-1.5350
é 138 6¢05 +151 =20+0 6400 =5.0 =-+018 =1.5981 ~-i.3809
. 139 4.02 100 =-20.0 6+00 =20.0 =+022 =-0.5836 ~-0.4548
, 140 5+00 <125 5.0 300 =20.0 022 =-1.1186 =1.1372
% 141 499 125 5.0 3+00 =-20.0 +021 =1.1117 =1+1328
: 142 2.91 073 =5.0 3400 =5.0 +056 =0.3852 =-0.3775
143 1+65 +041 =100 6400 0.0 153 =0.0644 -0.0603
144 379 «095 =100 3+00 =20.0 +093 =-0.2053 -0.2487
145 4¢76 119 5.0 200 -5¢0 +045 =1+1368 =1.1201
147 3+87 <097 ~=5.0 6s:00 =20-0 026 0+7379 -0.6266
148 S5¢86 +146 =10.0 300 Se0 +097 =~1.6458 =-1.6634
1SO 394 +098 =15.0 4¢00 =50 <093 =-0.4461 =-0.4442
151 295 +074 =100 2.00 =10.0 105 =0.2535 -0.2207
154 4+78 +120 =5.0 3+00 =50 +032 =-1.1025 =-1.1006
156 3.00 075 0+0 2+00 =10+0 +053 =-0.4025 =-0+4009
157 3.02 +076 =5¢0 6:00 =15.0 +050 =-0+3489 =-0.3415
158 3499 +100 =5+0 6:00 =15.0 040 ~-0+6539 =-0.6504
160 240 <060 =100 2.00 =20+0 <044 =-0+1593 =-0+1969
161 6418 154 5.0 3.00 =-20.0 +044 =-1.7892 =-1.7433
162 6+21 155 Se0 3.00 -20¢0 +040 =-1.8044 =-1.7884

163 6418 <154 =100 2.00 =15+0 «004 =1¢7846 =-1.7819
164 4.38 +110 =10.0 5.00 -20.0 «041 =-046158 =0. 6299
165 3.23 081 -10.0 2.00 =-20-0 «082 -0.1216 =-0.2022
166 2¢15 +054 =-10.0 4.00 =-15.0 037 =041573 =-0.1850

167 2+64 +066 -5.0 3.00 =5.0 «06S =-0.3018 =-0.2979
168 5465 <141 =50 5.00 5.0 «073 =145219 =1.4744
169 472 118 -5.0 2.00 =10+0 «052 =-0.9944 =-0.9631
170 S.81 +145 S0 3.00 =50 «040 =1+471023 =1.7504
171 4,74 118 0.0 2.00 5.0 «064 =1+1719 -1.2088
173 591 <148 =5.0 3.00 0.0 «077 -0.5496 =-1.684]
174 4.83 +121 =-20.0 5.00 5«0 +045 =-1.0326 =0.+9972
175 6404 +151 =200 5.00 =-5.0 « 020 0.5451 -1.2540
177 375 +094 -10.0 5.00 5«0 013 =-0.6848 =-0.6872
178 2.96 074 =50 3.00 =5.0 «048 -0.3961 =-0.3972
180 Z¢18 +079 =150 4.00 =-10.0 «111 =0.2402 =-0.1260
181 5.11 128 -5.0 2.00 =15.0 «046 -1.0987 =-1.0693
182 2+15 +054 =15.0 3.00 5.0 «002 =-0+2110 =-0.2583
183 4¢91 123 =-20.0 5.00 -15.0 «012 =0.5434 -0.6179
184 5.08 .127 5.0 4.00 0-0 «0T71 =1.3966 =-1+3666
527 182 068 0.0 3.00 0.0 112 =-0.2425 =-0.2247
528 2«87 +108 0+0 3.00 0.0 «076 =-0.6242 =-0.6156
529 3BT +145 00 3.00 0.0 «052 =-1+1317 =-1.1402
Al01
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RUN
530
531
532
533
534
536
537
538
539
540
S a1
542
543
Sa4
545
546
547
548
549
550
551
552
553
555
556
558
559
560
561
564
566
567
568
569
570
571
572
573
577
579
580
581
S83
585
58 6
588
593
594
595
596

(oY)
4498
S«97
296
297
296
3.98
397
296
2+96
3.00
297
298
298
298
2.99
2¢%7
299
2«97
298
297
3.01
190
403
5.98
He 99
399
3.00
6.00
5«00
601
6.01
600
3.98
3+97
299
A 97
3.00
595
4¢97
199
2.96
6.00
5.95

01
296
3«91
4.03
2.97
KENAD
2.03

R=1851

TABLE A-23 (cont'd)

MEASURED AND FITTED ROLL MOMENT

W

« 187
«224
111
111
« 111
e | 49
o149
« 111
«111
«112
111
«112
«112
«112
«112
112
112
«111
- 112
«112
«113
«0T
+ 151
224
«187
« 150
«113
«225
«188
« 225
«225
« 225
+ 149
« 149
«112
«186
112
« 223
+ 186
«075
«111
«225
« 223
« 225
«111
«147
« 151
«111
«113
«076

BETA=15.DEG

THETA
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
2.00
4. 00
5.00
6.00
4. 00
300
4. 00
4. 00
6. 00
3.00
2.00
S«00
3.00
300
5.00
600
4.00
3.00
600
3.00
2.00
3.00
600
6.00
2.00
2.00
3.00
3.00
3.00
6.00
4.00
4.00
5.00

zT

+«043
«037
«052
«104
«154
e 146
«195
«075
«074
«063
~044
«019
'074
+078
«079
«057
« 084
+ 080
« 060
«059
«055
«136
+0 64
« 064
«136
« 003
0N
« 051
« 065
«054
«08B6
«008
«014
169
« 146
« 049
«0MN
<082
«106
«186
«191
«006
«050
«058
«072
«125
«021
«138
«104
«276

MEASURED
-1.8887
-2. 7344
-0. 6523
-0« 6600
-0+ 6553
“1+2016
~1.2206
0. 6762
-0 627
=0 6248
-0+ 5921
-0+ 5851
-0.6712
-0. 6372
-0+ 6172
~0+5475
-0+ 5840
=0+ 6618
-0+ 6513
=0 6442
-0+ 6579
-0.2270
=1.1401
-2.4324
-1« 6930
-1.0988
-0 6177
-2e 6841
-1+5140
-2.6857
-2.8147
-1.8092
-1.1378
-0.9218
-0+ 60 61
=1+5132
-0 61 64
~1+8986
-1.2832
-0.G751
-0.2730
-2 6244
-2+3339
-2+ 4547
-0. 6028
=1+0049
-1.1233
-0+ 4282
=0+ 58 49
-0.2956

FITTED
-1.8901
-2.71 66
-0+ 6537
-0+ 6610
-0+ 6496
-1¢1957
-1.16T1
-C. 6682
-0. 6351
-0« 6339
-0. 6167
-0. 6326
-0+ 6817
-0 6369
-Q. 6024
-0+ 5695
-0+ 5572
-0. 6678
-0 6607
“Qe 6525
-0 6682
-0.2098
- 1.1445
-2+ 4020
~1.7548
-1+1003
-0+ 6239
-z« 17120
-1¢5477
~24540 6
-2+ 71890
-1.8143
-1.1095
-0+9793
-0+ 6158
-1+ 5284
-0« 6225
-1+8252
=1+43540
-0+0533
<0.2695
-2+ 6502
-2+3299
-2e 4432
-0« 6055
“0.9877
-1.0898
-0.3898
=0e 5293
-0.2743
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Sy
TABLE A-23 (cont'd)
MEASURPED AND FITTED ROLL MOMENT

; BETA=15.DEG

i

; RUN Ccv W PHI THETA PSI ZT MEASURED FITTED

’ S98 3«01 +113 =100 500 =10.0 128 <-0.3973 =-0.3839

~ 599 3.02 113 -5.0 3.00 =540 «073 -0.6242 -0.6278,

, 600 2¢01 +075 =100 6+00 =10.0 «254 =-0+0296 0.0004

4 601 S5.02 +188 =200 S5.00 =1040 v026 =1¢2615 =1.2612

f 602 5.05 +189 =200 2.00 =100 =+030 =1.7568 ~-1.7397

- 603 3405 114 =150 5.00 =15.0 036 =0e4692 =0+4519

t 604 5¢99 225 <=1ueD 4.00 ~15.0 +052 <=241649 =-2.1632

2 618 192 o144 0.0 3.00 0.0 093 =-0¢5386 =0+5491

f 619 2.99 224 0.0 3.00 0.0 «070 - 3353 =1.3411 ;

i 620 2.50 +188 00 3.00 0.0 078 -U«¢9294 =~0.9404 |

: 621 307 230 0.0 3.00 0.0 «050 =1+4088 ~1.4041 l

F 622 3406 +230 0.0 3.00 0.0 086 =1+4085 ~=1.4059 |

3 622 3.05 228 0.0 3.00 0.0 136 =1+3867 =-1.3844 *
625 3+01 +226 5S¢0 3.00 0.0 «061 =143803 =1.3635 |
626 2.99 +2224 -5.0 3.00 0.0 066 =143151 =1.3174
627 3.01 226 =100 3.00 0.0 049 -1+3142 =1.3052
628 300 ¢225 =15.0 3.00 0.0 028 =~12970 =1.2793
629 3.01 226 =20.0 3.00 0.0 «003 =12917 =1.2768
630 2.98 .223 0.0 3.00 5S¢0 «063 =1e43350 =1.3259
631 297 .223 0«0 200 -5.0 «070 =1+2940 =1+3029
632 2.96 222 0+0 3.00 =10.0 e071 =1¢2518 ~=1.2558
633 2.97 +.223 0«0 3.00 =15.0 072 =1¢2087 =-1.2091
634 2.97 4223 0«0 3.00 =-20.0 «+053 =1.1703 ~-1.1930
635 297 +223 0.0 2.00 0.0 «062 =1¢3316 =1.3350
636 2.98 223 00 4.00 0.0 «060 =143181 =-1.3163
637 2+98 223 00 S5S.00 0.0 053 =1+3071 =1.3067
638 2498 +223 NeO 6400 0.0 048 =1.5014 =1.3010 v
639 2.47 «185 00 6.00 =20.0 +058 =0¢ 7829 =0.8005 o
640 2448 <185 5.0 600 -=5.0 232 -0e8563 =-0.8495 :
641 2.96 222 -5.0 3.00 -5.0 108 =1+2335 =-1.2190 i
642 2+48 186 =50 6400 5¢0 +275 =0.8103 =0+.8184 !
643 197 +148 0+0 4.00 =10+0 206 =0+4317 =0.4735 ;
644 2450 +187 =200 3+00 =10+.0 =+.010 =-0.8288 -0+ 7831 !
645 1499 «149 =20.0 3.00 =10.0 «069 -0+3896 =0.3371
646 2.96 222 -5.0 3.00 -=5.0 «061 =142578 =~1.2636
660 2499 +224 =15.0 3.00 5.0 +071 -1¢2669 =1.2831
661 1499 150 =50 3.00 =15.0 «106 =0D+4834 =0.5112
662 2499 224 =200 6400 =10.0 «108 -0.6613 =~0.7009 ’
665 2+51 +188 0.0 3.00 =540 092 ~049165 =-0.9294 ;
667 3.00 «225 5S¢0 600 =10.0 181 =1+.1418 =-1.1937 ;
668 2+.00 150 “5¢0 3.00 =10.0 «066 =005413 =0¢5740 :
670 2.99 224 =5:0 500 =20.0 e158 ~J¢8701 =~0.8546
671 2451 «188 5:0 5400 0.0 043 =049516 =0.9237 ;
672 2499 224 ~5.0 3.00 =540 +056 =1.2809 =-1.2931 .
673 1499 +149 =5.0 6+00 =540 +255 =0+4199 =0»4199 :
674 .:50 <188 5«0 5.00 0.0 091 ~0e¢9582 =0.9508 :
675 2¢°0 «188 =5.0 6+00 0.0 +037 =0+8965 =0.9270 ;
676 1499 149 =200 3400 -20+0 =-+023 =-0¢4476 -0+4413 i
678 199 «149 =10.0 3.00 5.0 «079 =~0+5614 =005693 ‘
681 2¢51 +188 =100 6.00 -15.0 «034 =0.7961 =0.8108
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RUN
682
683
685
686
688
689
690
691

693
694
695
697
698
699
700
701

cv

24 30
297
299
2+ 50
299
2.00
3«00
2.02
2. 46
2.96
296
2e47
299
3.00
3.00
2. 48

W
«187
«223
e 224
188
224
+ 150
225
«152
+185
222
«222
* 185
224
+ 225
«225
«186

R-1851

TABLE A-23 (cont'd)

MEASURED AND FITTED ROLL MOMENT
BETA=15.DEG

PHI THETA PSI ZT MEASURED
S.0 600 =-10.0 «256 =0.6967
=5.0 3.00 -5.0 «075 =1.2834
~15.0 6.00 0.0 «229 <-0+8474
=15 8.00 0.0 «279 =-0.4544
0.0 S.00 -15.0 «+185 =-1.0253
0.0 5«00 5«0 077 -0.58T1
S.0 6.00 =20.0 «124 <=1.1257
=50 800 -15.0 «342 ~041319
=100 2.00 S«0 + 086 ~0+8660
=200 4.00 -10.0 124 -=0.7128
=50 3.00 -5.0 «073 =-1.2613
=10.0 6.00 0.0 «224 <-0.7035
-10.0 6+00 =5.0 «134 ~1.0847
S0 8.00 =10.0 «222 =-1.1510
-20.0 4.00 =50 «177 =0+7608

-20.0 5.00 =-20.0 +087 -0.3284

MEAN ERRGR=
STANMDARD DEVIATION=

FITTED
-0. 7378
12566
08746
=(e 4468
-1.0015
-0+ 6011
-1+.084]1
-0.1187
-0.8889
-0+ 6936
-12541
=0« 6934
-1.0610
~11422
=0« 7535
03157

-0.006!
0.0212

e e AR




RUN
316
317
318
319
320
321

322
323
324
325
326
32R
329
330
331

332
333
335
336
337
338
339
340
342
344
345
347
348

349

350
251

353
354
355
356
357
358
359
362
364
365
366
368
369
370
371

374
375
376
377

cv
4.00
A. 00
4.CO
A. 00
2.00
2.00
3.00
5.00
6.00
4.00
4. 00
4.00
4.00
400
4.00
300
400
5.00
4.00
4.00
4.00
4. 00
3.00
6.00
3.00C
3.00
6400
4. 00
5.00
400
600
200
3.00
4.00
3.00
4.00
400
4.00
4«00
300
S«00
6.00
4.00
200
4.00
5«00
5.00
5.00
4.00
4.00

W
+000
« 000
+ 000
« 000
« 000
+ 000
+ 000
+CNO0
+ 000
» 000
« 000
-« 000
- 000
+ 000
« 000
« 000
000
«000
« 000
«000
-« 000
«J00
+ 000
+ 000
« 000
« 000
«000
«000
- 000
-+ 000
« 000
» 000
« 000
+ 000
-« 000
<000
« 000
« 000
«+ 000
« 000
+ 000
« 000
« 000
000
-« 000
+000
+ 000
«000
« 000
«000

R-1851

TABLE A-24

MEASURED AND FITTED ROLL MOMENT
BETA=20.DEG

THETA
3«70
3+ 70
3« 60
3+« 60
3. 60
3. 70
3. 60
3+ 60
3«70
3¢ 60
3«60
3. 70
3.70
3. 60
3. 60
3. 60
3. 60
3. 60
3. 60
40 70
4e 60
2. 60
2. 60
3. 70
5. 70
5. 60
Se 60
Se 60
S« 60
6.70
6+ 170
6. 170
6+ 60
670
6. 70
6. 70
6+ 70
6+ 70
S. 60
S« 70
S« 60
4. 70
2. 60
2+ 60
2. 60
2. 60
3. 60
3. 60
3.70
3. 60

ZT
.086
« 088
« 131
«095
.152
.lsl
«113
« 076
067
«075
«116
«070
'047
« 025
«006
«191
0153
«183
« 200
«179
«076
«105
« 098
141
«281
«173
«059
«074
«053
.068
« 051
« 068
«110
«186
«236
« 069
.060
« 061
.065
266
.l-’o
«132
«109
«172
«045
«145
« D69
«067
«087
«081

MEASURED
~0+0416
=0+0410
0.0026
0.00 69
0.01 41
0.0136
0.0107
0.0079
0.0031
0.0096
0.0107
-0.0002
-0.01239
~0.0401
-0.0643
-0.1 4%
0.0153
0.0354
0.0255
-0.3322
0.0115
0.0157
0.0074
~0+4192
=0e344])
-0.2137
0.0016
0.0074
0.0085
0.0090
0-.0046
-0.0545
0.0273
-0.2022
0.0880
0.0116
0.0173
0.01 42
00167
0.0040
-0+0173
-0.0219
0.0215
0.0159
-0.0064
0.0882
0.0602
0.0622
00597
-0+.0450

FITTED
-0.0441
~0+0463
=0.0066

0.0440

0.0432

0.0432

00434

0.0447

00463

0.0433

-0.0009 |

~0.0046
00114

ok o %

s

JORPCIINEY RN
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0.0632

0.2006
“0+1434
00454
00476
0.0462
-0.3701}
0.0442

0.0435°

0.0249 °

-0.3904
-0+3564
- 0.2386
U«0499

0.0450 *

~0.0363 ¥

0.0458 *

0.2211
0.1592

0.0879

-0.2019
0.1509

-0.0186 "

-0.0140 ¥

-0.0143
0.0102
0.0055

-0.1572%

=0+1448
0-1168
00455
0.2135
0.0830

0.0787.,

0.0968
-0.0345

o s s st
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. R-1851
.
TABLE A-24 (cont'd)

! MEASURED AND FITTED ROLL MOMENT

, BETA=20.0DEG

)

; RUN cv W PHI THETA PSI ZT  MEASURED FITTED,

_ 378 4.00 <000 4.8 3.60 S0 «064 =-0+0309 =0 0059

) 379 4+.00 <000 “0«3 3.60 5.0 +084 -0.0386 =-0.0071

| 380 3.00 +000 =5¢3 3.60 5«0 «148 -0.0088 =-0.0063

: 381 3.00 «000 =0+3 2.60 5S¢0 «117 -0.0290 =-0.0200

” 382 5.00 000 4.7 2460 5«0 «076 -0+0594 =0+0550,

r 383 3.00 «000 197 2.60 5.0 «028 -0.0314 0+0389

1 385 5.00 <000 148 2.60 5S¢0 153 =-0+¢4471 =0+4275

L 387 6.00 +000 4.8 2460 S0 +151 =-0+3042 -0.3264,

i 388 3.00 +000 ~5.2 6+70 5.0 «310 0.0324 =0. 0147,
389 5.00 «000 9¢7 6e 60 5«0 «040 =-0+0143 =0.1500,
395 4.00 «000 27.4 S.60 5«0 «176 =0+9092 =0+7415"
396 4.00 +000 4¢8 3460 5.0 081 =-0¢9397 =0.0349
397 4.00 +000 ~0+2 3.60 100 <084 =-0.0828 =0+.0687,
398 3.00 000 ~5¢3 3.60 100 e146 =-0+0588 =-0+0999
399 4.00 +000 9.8 3«60 100 «0B7 =-0.0826 =0.1628%
400 5.00 000 19.7 3.60 10+0 019 =-0: 27 =0.0991
401 4.00 +000 148 3.60 100 «163 =-0+¢5454 =0.5295
402 3.00 +000 1407 64 60 10.0 223 =-0+4761 =-0+4538
403 3.00 .C00 4¢7 6o 60 10.0 «152 -0+1537 <-0.1396,
404 5.00 +000 -0¢3 6. 60 10.0 «091 =-0+1577 =0 06o7
405 2.00 +000 =5¢3 6. 60 10.0 «120 =-0.0131 =0.0016"
406 4.00 +000 27.3 6460 10.0 -027 =-0.0994 =0.1127,
407 3.00 <000 27.2 66 60 1060 <=+025 =0+0485 00945,
408 2.00 +000 197 4. 60 10-0 «038 -0.0233 0.0570"
409 4.00 000 9.7 2.60 10.0 <063 =-0+0645 =0-0718_
410 3.00 +000 27.3 S 60 100 =+016 =0.0765 0.0757"
411 3.00 000 -5.2 5.60 100 ¢211 =0+0992 =0.1177
412 3.00 +000 -5.3 5660 10.0 212 <-0+¢1000 =0.1175
413 5.00 .000 =5.2 5.50 15.0 «089 =-0+1800 =0-1961
414 3.00 +000 -0+3 5.60 15.0 +201 -0+2361 =-0.2554,
415 5.00 <000 197 550 150 <028 =-0.2223 =-0.3502"
417 5.00 +0C =0+3 550 150 «057 -0+1178 -0.0714,
419 6.00 +00L 272 3.60 15¢0 =.048 =-0.0868 0.1867
420 4.00 +000 14.8 2.60 1540 «056 =0+1201 =0+1647
421 3.00 000 4.8 2.60 15+0 109 =0.1385 =0.1544,
422 3.00 +000 9.8 260 15.0 +152 =-0.2223 =-0+3485"
423 4.00 +000 148 2.60 15.0 130 =~0:6039 <=0+5665
424 6.00 <000 4.8 2. 60 15.0 125 =-0.7351 =0.7718
427 5.00 +000 14.8 4.50 1540 +077 =-0.4399 =-0.4305,
428  4.00 000 4.8 4. 60 150 ¢215 -0+5406 -0+ 6586"
429 4.00 +000 ~0«2 4.70 15.0 +290 =-0+8821 =~0.8639
430 6.00 +000 -~5.2 A4¢60 15:0 «0B0 =~0.2284 =0.2455
431 3.00 .+000 148 4. 60 15.0 «135 =-0+3171 =0e3365
432 5.00 +000 14.8 4. 60 1540 <033 -0.0681 =0.1589%
433 3.00 .000 14.7 4+60 1540 «056 =-0.0631 -0.0803
434 4.00 +000 “0«3 4.60 15.0 +063 -0.0780 -0.0628
435 2.00 +000 4¢7 6070 15.0 «123 -~0.0604 -0.0258"
436 6.00 <000 9.7 6+70 150 «041 -0.0978 =-0.2031"
437 3.00 .+000 27.2 6+ 60 15.0 001 <=0+1491 <-0.1284
438 4.00 «000 ~5¢2 6060 15.0 +1B5 <~0+3181 =-0.3128




B Stk

RUN
439
440
443
445
446
a47
448
449
450
451

453
454
455
456
457
459
211

212
213
214
215
216
217
218
219
220
221

222
223
224
225
226
221
228
229
230
231

232
233
234
235
236
2317
238
239
240
24}

242
243
244

CcvV
4.00
3.00
6.00
200
400
2.00
3.00
3.00
400
3.00
6+00
4. 00
600
400
4+00
4.00
2.07
296
392
5.00
S¢96
2494
3.01
3.02
3«97
4.00
5.00
4495
S5.96
3.00
297
2.99
2.99
2.97
295
298
2.98
294
3.02
3.01
2.98
3.00
3.01
2497
4. 90
4. 00
S5.99
5.99
3.97
299

R=-1851

TABLE A-24 (cont'd)

MEASURED AND FITTED ROLL MOMENT

W
« 000
«000
« 000
+ 000
« 000
«000
«000
« 000
« 000
« 000
« 000
+« 000
« 000
«000
« 000
« 000
«052
«074
«098
e 125
.'49
+Q74
«075
«075
+« 099
«100
e125
o124
149
.075
.07A
«075
«075
«074
«0N74
«074
«074
.073
«075
«075
«075
«075
«075
«N74
«123
+ 100
«150
«150
« 099
« 075

BETA=20.DEG

PHl THETA
-0.3 6+ 60
4.7 5S¢ 60
27.2 Se 50
2703 AOOO
272 4e 60
19.8 4« 60
4. 7 4« 60
9e 7 4. 60
-0+3 360
197 3+60
9.8 3. 60
9.8 3. 60
197 2¢60
148 2460
19.8 1« 60
48 3. 60
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
S.0 3.00
-%0 3.00
-10.0 3.00
-15.0 3.00
-20.0 3.00
-27.5 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0.0 2.00
0.0 4a.00
0.0 5.00
0.0 6400
S.0 2.00
-5.0 3.00
-15.0 5.00
27«5 6400
«27«5 6+ 00
=50 3.00

PS1
20.0
20.0
20.0
20.0
20.0
20.0
200
20.0
20.0
20.0
20.0
20.0

00000000000

000000000

zZT
«051
«075
-~013
«138
-+ 025
«112
«115
« 065
«085
«Q0S57
«119
« 190
«032
«072
«014
«0177
«106
079
-070
«056
«047
+ 069
<106
e 146
122
147
«120
.146
«116
.07A
074
« 069
+060
« 048
« 029
«079
078
«079
«078
+088
« 088
«078
«081
«0 65
«123
«125
«0!4
-+«038
‘0046
«0171

MEASURED
=0+0755
~-0.0827
-0+5430
-0+ 4348
‘0-‘604
-0.1962
-0.2394
-0.0785
“-0.21177
=0+1914
-1+0668
~0.9105
-0+3195
=0+3243
-0.0530
-0.0397
-0.1824
-0.3998
-0«7T196
-1.1834
-1.7224
-0+3964
-0.a1177
-0« 4239
-0+ 7423
-0+ 7643
-1.1856
-1+1839
-1+ 7339
-0.4184
=0+« 4025
-0.3941
-0.3782
-0+3510
-0.3241
-0. 4381
-0+3761
-0.3257
-0.29117
-0.1911
-0. 4095
-0+ 4086
-0.4120
~0+3954
-1.2110
-0+ 7063
-1¢5994
-1.4059
-0+ 4896
-0.3653

FITTED,
-0-1409"
-0.0755
-0« 5408
-0.4412
~0.1118
-0.2042
-0.1866
-0.0707
-0+2732
~0.2114
-1.0249
=0+9149
-0+.3532
“0e+ 3431
-0.05MN
-0.0289
-0+.1819
-0+3972
0. 71 67
~1.1878
-1«7193
-0+3928
“0«4113
-0+4118
=0.17326
=0« 7449
-1.1875
-1.1638
-1« 7168
-0+ 4133
-0+¢3905
~0+.3844
-0.3770
~03777
-0.3997
-0.4211
-0.3782
-0+3331
03008
-0.2008
-0+4114
-0+ 4055
-0.4117
-0.4100
11749
-0+ 6998
~15723
-1.3887
-0+ 4655
-0.3646




R=-1851
_"s .
TABLE A-24 (cont'd)
E MEASURED AND FITTED ROLL MOMENT
L BETA=20.DEG
)
P RUN cVv W PHI THETA PS1 zZT MEASURED FITTED,
; 245 4+.91 +123 Se0 3.00 =20.0 «056 =0+8102 =0+5597
- D46 1474 044 =15.0 $+00 0.0 +155 =-0.0672 =-0.0608,
247 3490 <098 =100 2.00 =-20.0 111 01197 =0.0561"
: 248 4.96 <124 5.0 2.00 -5.0 +059 =1.1203 =-1.1003
N 250 3.99 +100 =50 6400 =20.0 «058 =-0.5020 -0.4823
; 252 6405 151 =100 3.00 5«0 «105 =147447 =1.71729
254 3.98 +099 <=20.0 4.00 -5.0 «104 <=0.3649 -0.3502
255 2¢99 <075 =100 3+00 =-10.0 +136 =0+1162 =0+1418
256 2+.97 .074 <5.0 3.00 -5.0 «079 =0+3632 =-0.3592
259 S5.02 +125 =20+0 4.00 5«0 «135 =1+1970 =-1.1025
261 3400 +075 ~5.0 2.00 =10.0 «067 =0.3392 =-0.3543
262 4.01 +100 “5-0 6400 =15.0 +059 =0+5698 =0¢5935
263 2¢10 053 =150 2.00 =20.0 <055 -0.0624 =-0.0703,
264 6+.06 <152 Se0 300 =20.0 +(52 -0e5375 -0.9152

265 6479 152 =15.0 2.00 =15.0 027 =2:1494 =-1.4978"
266 4¢(:6 «100 =100 500 =20.0 <086 =02628 =-0+2840
267 4e93 123 =150 2+.00 =-20.0 «063 =063145 =0.4583°"

268 2+.98 +074 -5.0 3.00 -5.0 «078 =-0+3646 =0+3610

269 2.03 +0S1 =150 4.00 =15.0 <069 =-0.0901 =0.0877,

270 597 +149 ~5.0 5.00 S« 0 ¢e095 =1+4585 =-1.6685

271 4¢95 +124 =10+0 2.00 =10.0 «056 =0+9782 =0.9711

272 5.93 .148 0.0 3.00 -5.0 e067 =1+5979 =1.6554

273 S.00 125 -5.0 2.00 50 c069 =1+2545 =-1.2344

274 5.95 149 “5.0 3.00 0.0 099 =1.668B7 =1.6392

275 4.97 +124 =20.0 S5.00 5.0 040 =-1.0717 =1.0885

276 5498 +150 =250 5.00 =5.0 +031 -1.0891 ~=-1.1305,

278 5462 <140 5S¢0 6+00 =15.0 «104 0+ 4337 =1.1535

279 2.75 +069 -5.0 3.00 =50 093 <=0+3220 =~-0.2884

280 3.69 +092 =15.0 5.00 5.0 «021 -0+6434 =0.6699

282 4.09 +102 =20.0 4.00 -10+0 <083 -0.3399 -0.3023,

283 4092 +123 =100 2.00 =-"05+0 c066 =1+5612 =0.7528

284 2.06 +052 =200 3.00 5«0 «062 =0+1788 =041999

D85 4eB4 121 =250 5.00 =15.0 «025 =-0+4731 =~0+4573

312 2.26 +085 0.0 3.00 0.0 «095 =0¢3317 =0.3522 j
313 3.20 +120 0«0 3.00 0.0 «084 =-0.7068 <-0.7183

314 4.29 <161 0.0 3.00 0.0 e055 ~1e3147 =143117 .
315 524 <196 0«0 3.00 0.0 046 =-1¢9748 =-1.9718

316 6414 «230 00 3.90 0.0 «037 =-2.7286 =-2.7368 i
317 3.12 +117 0.0 3.00 0.0 063 =-0+6769 =-0.6845 J
318 3.01 <113 0.0 3.00 0.0 ¢125 =-0+6196 <=0+ 6309 ,
320 4+16 156 0.0 3.00 0.0 125 =~1+2141 <=1.2229

321  4.05 152 0.0 3.00 0.0 125 =-1+1633 =-1.1620 .
324 4.99 187 0.0 3.00 C.0 129 =-1.7728 =-1.7786 .
325 4.99 <187 0.0 3.00 0.0 152 <-1.7863 =-1.7796 i
326 3.01 113 5.0 3.00 0.0 078 =006340 =0+ 6412 :
327 3.01 113 =5.0 3.00 0.0 081 <-0+6316 =-0.6220 .
328 2.99 «112 =10.0 3.00 0.0 «071 =-0+6087 '-0.5981 :
329 3.01 <113 =15.0 3.00 0.0 «051 =0.6051 =0.6093 é
330 3.02 113 =20.0 3.00 0.0 e024 =-0.5848 =0. 6021 :
331 299 112 =275 3.00 0.0 021 ~0+5495 =0.6171
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RUN
332
333
334
335
336
337
338
341

346
347
348
349
350
351

352
353
355
359
360
361

362
363
364
365
366
370
37

372
373
374
376
378
379
380
381

384
386
3817
390
395
396
397
398
399
402
403
404
405
702
703

cv
2¢95
3.05
2+81
2.81
283
2.87
290
3«06
1.9C
406
4497
4¢ 99
3.01
405
5.94
4499
5«00
400
4«00
5«99
4.01
404
4.03
297
497
Se 52
S.02
2.99
1.97
2.92
5.00
4.02
601
497
299
595
“e 85
512
610
4.23
319
315
4410
3.07
6.06
311
2.98
404
299
1.98

W
o111
«114
«106
«105
«106
«107
«109
«115
+07
«152
«186
«187
«113
«152
«223
187
«187
«150
.’50
« 225
+ 150
«152
e 151
«111
« 187
«207
« 188
112
.074
«109
«187
«151
« 225
187
112
« 223
«182
+192
« 229
.158
«119
«118
+154
«115
2217
117
«112
151
224
o149

R=1851

TABLE A-24 (cont'd)

MEASURED AND FITTED ROLL MOMENT
BETA=20.DEG

PSI
5.0

'
coupuo Lo Ununooo
O0000O0

1 t
— V]
T NeNeNeNo NI, NV,

* L] L] . * L ]

L[]
0000000000000

ZT
+ 04l
<092
« 097
« 098
« 068
« 105
«078
+«081
«136
«086
« 086
.175
«087
«019
.040
.072
«079
+«+098
« 209

=011

01 6
«192
129
«091
+055
+ 090
« 069
«094
«187
«105
+071
«126
«004
082
+ 082
«094
«092
114
«+ 089
+038
128
«097
+137
+ 061
+ 040
« 151
«135
« 090
+093
123

MEASURED
-0+ 6268
=0+ 5988
-0+ 4588
=0+3975
-0.3978
=0« 5591
-0+5721
-0+ 6396
=0+2054
-1.0703
-1+3223
-1. 6829
D 5762
-1.1289
-2+5017
=1+ 4452
-1.4348
~1.0320
-1.2223
-1.8156
11173
=08146
-1.0866
-0+5559
-1+3699
=1.1949
-1.8285
~0.3158
-0.0297
=0.3591
~1+.8004
-0+ 6567
-2+ 5850
~13691
05715
-2 5477
-1.3706
-1« 6565
~2.2693
-1.2010
=0+ 4561
-0+ 4856
-1.1790
-0 6270
-2+ 7201
=0+3454
~0.2463
=0.5854
-1.2513
~0.+5394

haalilaad

FITTED
-0+5978
-0+ 6126
~0«4704
-0+ 4080
-0+ 4322
-0.5879
-0+5849
=0+ 6549
-0.1982
=1.0725,,
-0.9918
-1+ 7157
-0.5813
-1.1283
'205404
~1e 4461
-1+4351
-1.0128
-1+3033
-1.8239
-1.1122
-0. 7753
-1.0996
-0.5607,
-1.2586"
~1.2207
-1.8258
-0.3263,,
-0.0045
-0.3100
-1« 7682
-0+ 6038
-2.57717
=1+3941
~0¢ 5791
-2+5196
=1.3604
-1e 6667
-2.2551
-1.2059
-0+ 4055
-0+ 4936
-1.1983
'0‘6426+
~24 6007
-0.3568
-02490
=0+5970
=1.2571
-0« 5643
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R=1851

TABLE A-24 (cont'd)

| MEASURED AND FITTED ROLL MOMENT
: BETA=20.DEG

k

F RUN CV W PHI THETA PSI ZT MEASURED FITTED

' 704 2.49 187 0.0 3.00 0.0 +103 -0.8606 =-0.8800

: 705 3.01 <226 0.0 3.00 0.0 +071 =1+2762 <=12765
706 £+99 224 0.0 3.00 0¢0 115 =142356 =1+2590

3 707 299 .224 0.0 3.00 0e0 o176 =1.2623 =-1+2560

) 709 301 +226 S«0 3400 0«0  +085 =-1.2851 =1+2767

¢ 710 3.01 +226 =-5.0 3.00 0+¢0  +091 =1.2614 =1+2597

j 711 3.01 +226 =100 3.00 00 +076 =-1.2599 =-1.2338

3 712 300 +225 =150 3.00 0.0 «+057 =1.2387 =-1.2085

~ 713 3.00 225 =-20.0 3.00 0+0  +028 =1.2335 =1.2246
714 3.00 4225 =275 3.00 0¢0 +006 =1+1991 =1.2191
715 3.01 «226 0.0 3.00 5¢0 +088 =143015 =1.2827
716 3.00 +225 0.0 2+00 =5.0 +099 =-1+2185 =1.2327
717 3.01 .225 0.0 3¢00 =10.0 099 =1.1660 =-1.1764
718 3.01 +225 0.0 3.00 =150 +103 =1.0775 =1.0801
719 301 +226 0.0 3+00 =-20.0 104 =-0¢9575 -0.9587
720 3.01 226 0.0 2.00 0.0 +090 =-1+2883 =1.3017
721 3.02 226 0.0 4.00 0+0 +100 =-1.2632 =1.2658
722 3.00 225 0.0 500 00 +094 =~1.2503 =1+2558
723 3.01 226 0.0 6.00 0.0 +089 =1.2498 =-1.2843
724 2+53 190 0.0 6400 =-20.0 <084 =0.7225 =-0.7474
726 2.53 189 5.0 Be0D0 =50 +256 =-0.8552 ~-0.8031
728 D2+99 «224 =5.0 300 =540 +165 =-1.1429 =-1.1101
73C 2.99 +224 ~5.0 600 S5¢0  +267 =1.1944 =-1+1958
731 1.95 147 0.0 500 =100 +249 -0+3687 =0.3512
732 2.49 <187 =27+.5 3.00 =10CG =+010 =-0.8231 =-0.7471
733 3.00 225 <50 3.00 -5.0 <100 =~1.2060 <-1+2070,
735 1497 o148 ~27+¢5 3.00 =10.0 <079 =0.3201 =-0.1787
736 3.00 270 -20.0 00 5¢0 +094 =1.2309 <-1.2026
737 2.00 .79 =27¢5 600 =100 <14l =0+3908 =-0+4155
738 1499 elay =10+0 300 =15.0 +137 =-0.3689 =-0.3637
741 2.48 .186 0.0 3.00 =5.0 +132 -0.8232 =-0-8300
743 2.53 190 500 800 =100 +273 =-0.6812 =-0+6970
744 2.04 <153 =100 300 =100 +092 =0.5162 =-0.5114
746 3+01 226 =50 5.00 =-20.0 242 =-0.4856 -0.4887
747 3.01 +226 =5.0 300 -5¢0 +086 =1.2235 -1.2323
749 3407 +230 =100 6:00 =50 +166 =-1.0464 =-1.0469 i
750 2+57 <193 5¢0 5.00 0.0 +129 =0.9263 -0.9190
751 2057 193 =100 %00 0.0 +067 =0.8862 =-009225
750 2.07 155 =27.. 3406 - _0e0 <=+018 =-0.4487 =-0.4329
754 2.00 150 5¢0 6.00 00 +257 =0.5818 =0¢5161
755 2+14 4160 =15.0 3.00 5¢0 +120 =-0.5870 =-0.6034,
757 2.51 +188 0.0 8.00 =200 ¢339 =-0.0507 -0+2834
758 2.51 «189 =15.0 6400 =150 062 =-0.7471 =-0.7239
759 2+.51 <188 5S¢0 6+.00 .0 +28B0 =0.6254 =-0¢6172
760 3.00 .225 -5.0 3.00 2e0  «094 =-1.2555 =1.2118
761 3.00 225 =150 5.00 0.0 +257 =-0.9106 =-0¢9353
763 2.51 +188 =-20.0 7.00 00  +301 =-0.4232 ~-0.4002 '
764 2.99 <224 0«0 500 -5¢0 +103 =-1¢1960 ~-1.2149 :
765 2.99 «224 =5.0 5.00 =150 <183 -0.8991 -0.8266,
766 2.02 151 0.0 5.00 5«0 +372 -0.3287 -0.6272
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MEASURED AND FITTED ROLL MOMENT

R=1851
-
TABLF. A-24 (cont'd)
BETA=20.DEG
{

RUN CV W PHI THETA PSI ZT  MEASURED FITTED
769 2+51 +188 =10+0 Be00 =15.0 +234 =-0+4116 =0.3966

3 771  3.00 +225 -10.0 2.00 Se0  «107 -1¢2864 =1.2926
: 772  3¢00 +225 =25.0 5.00 =10+0 +151 =0.4892 -04881
| 773 2498 4224  -5.0 3400 -5.0 103 -1.1B46 ~-1+1847
. 774 2449 186 =10.0 4.00 0.0 «251 =-0.7090 =-0.7277
. 775 2+98 224 =100 6¢00 =-5.0 +176 =0+9817 =0+9670
" 777 2449 187 5¢0 B+00 =-10+0 +330 =-0+5592 =-0.6042
! 780 2+97 +223 -25.0 6400 =-5.0 +212 =0.4021 =0.4741
E 781 2.48 +186 =25.0 5.00 =20+0 <104 -0+1535 =-0.1714
MEAN ERR@R=  0.0143

STANDARD DEVIATION=  0.0269
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R=1851

TABLE A-25
o MEASURED AND FITTED YAW MOMENT
- BETA=10+DEG
i|
- RUN  CV W PHI THETA PSI ZT MEASURED FITTED
Qo 3 4.00 000 2.1 2460 0.0 +043 0.0762 0+0870
. 5 4.00 000 446 2450 0.0 +035 0.0817 0.0883
" 6 4.00 <000 7.2 2460 0.0 +139 0.1094 01060
L 7 4.00 000 9.7 2450 0¢0 <020 0.0807 0.0901
: 8 4.00 +000 1242 2440 0.0 +011 0.0805 0.0927
b 1 4.00 +000 4.7 2450 5¢0 +028 0.0808 0.0865
: 2 4.00 000 0«1 2:60 0«0 +048 0+.0788 0.0860
3 9 4.00 +000 0+0 2460 =5:0 +046 00854 00907
] 10 4.00 +000 0+0 2.60 5S¢0 +046 00764 00812
11 4.00 +000 0.0 2.60 10,0 <048 00709 0.0770
12  4.00 +000 Os1 2460 15.0 +047 00671 (<0748
13 4.00 000 Oe1 2.60 20.0 046 0.0664 00756
14 4.00 .000 0+1 1460 0«0 062 0.0838 0.0862
15 4.00 +000 0s0 3.70 0,0 +039 0.0850 0.0860
16 4,00 +000 0.0 4+70 0+0 +036 0.0887 00860
17 4.00 +000 0+0 570 0.0 +032 0.0884 0.0860
18 4.00 000 0.0 2460 0.0 038 00852 0.0860
19 4.00 000 0«1 2.60 Cs0 «061 040819 0.086!}
21 4.00 +000 0.0 1+60 0+0 +048 0.0850 0+0860
23 4.00 .000 0.0 1+60 0+0 +«049 0.0801 00860
24 4.00 +000 Se1 2480 0.0 +039 01019 00870
25 4.00 .000 0s1 2470 0+0 +101 00994 0.0861
26 4.00 000 0s1 2470 0+0 <159 0e1121 00863
27 4.00 000 0«1 2.70 0.0 170 0+1099 0.0864
29 2.00 +000 0.0 2¢60 0.0 <083 0.0824 0.0860
30 3.00 +000 0.0 2¢60 0«0 +0S57 0.0843 0+0860
31 5.00 .000 0.0 2460 0«0 <040 040853 0.0860 "
32 6.00 000 0.0 2.60 0.0 <035 0.0861 0.0860
34 5.00 .000 2.4 2440 =5.0 076 00869 0.1007
36 2.00 000 74 5650 =S50 287 0.1594 0-1945
37 3.00 .000 5.0 4+50 20+0 +058 0.0410 0.0613
40 4.00 <000 12.4 4.50 20.0 <007 0.0980 01209
41 3.00 .000 5S¢0 4¢50 20.0 +031 0.0868 00741 ,
42 2.00 <000 10.0 4+50 20.0 +079 0.0348 0.0770°
43 2.00 +000 10«0 4+50 200 +056 0D.0545 0.0677
44 5,00 +000 Te4 4450 20.0 019 041250 0.1220
45 2.00 +000 12+.4 4+50 20.0 +124 0.0053 0+1045
46 3.00 <000 100 3450 20+0 <110 -0.0268 0.0828 {
A7 4.00 +.000 10.0 2+50 20.0 042 0.0376 0.0912° C
48 4.00 .000 0«1 6450 20+.0 111 =-0.0905 =-0.1121 §
49 6.00 +000 9.9 2.40 20.0 +034 0.0338 0.1254 " v
50 4.00 «000 409 5+60 200 +243 =-0.4109 =-0.3925 )
51 3.00 +000 0.0 5.50 200 +059 0.0492 00686
52 4.00 +000 7.5 2.50 20.0 +056 0+0179 0.0845
53 4.00 +000 2.4 3.50 20,0 <112 =-0.0534 =0.0018"
S4 3.00 +000 2.5 5¢50 20.0 +033 0.0878 0.0963 ;
5S 5.00 +000 Oe: £6¢50 100 +045 0.0699 0.0568 . i
56 2.00 000 100 4¢60 10.0 030 0.0765 0.0650 _
57 4.00 +000 S0 2¢50 16+0 036 00856 0.0843, ?
205

58 3.00 .000

—

6+ 50 100 =+005 0.0921 0.1397
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Iy R=1851
TABLE A-25 (cont'd)
MEASUKED AND FITTED YAW MOMENT

: BETA=10.DEG

k

b RUN CV W PHI THETA PSI ZT MEASURED FITTED

. 59 4.00 «000 2.5 360 5¢0 .040 0.0826 0.0782

. 60 4.00 +000 2.5 3.60 5e0 «029 0.087 0.0813
61 4+00 «000 Se1 3450 5.0 «043 0.0827 0.07T1

. 62 3.00 000 0+0 2450 S.0 +054 0.0775 0.0812

‘ v 63 5.00 +000 2.5 2450 5.0 +035 00929 0.0854

4 64 3+00 <000 9.9 2460 5¢0 «013 0.0901 0.0842

] 65 4+.00 000 5«0 2460 5«0 .039 00857 0.0847

3 66 5.00 +000 5.0 6 60 5S¢0 022 0.0971 0.1088

? 67 3.00 000 9.9 6460 S«0 + 020 0.0976 0.1063

: 68 6+00 +000 124 S+70 5.0 =+006 0.1102 041301,

4 69 3400 +000 =51 646G 5.0 +240 000395 <=0.0427

i 70 6+00 +000 -S5«1 570 5.0 .016 0.0976 01078

; 71 6.00 <000 7e4 5660 S.0 .012 0+1001 0+0991

1 72  4.00 000 124 560 5.0 +102 <-0.0575 0.0571

' 73 2.00 +000 0.0 5e60 5.0 +060 00837 0.0854

' 74 4.00 +000 2.4 360 5+ 0 «041 0+09 43 0.0 780

3 76 S+¢00 +000 2.4 Se60 0.0 .026 041015 0.0852

b 77 2.00 +000 4.9 5.70 0.0 329 0+1552 01595
78 6.00 +000 7.5 570 0.0 .015 0+0870 0.0774,
79 3.00 +000 124 5.60 0.0 112 00393 01047
80 3.00 000 124 560 0.0 +247 0+1941 0+1842
81 4.00 «000 124 4+ 60 0.0 «117 0+0269 040979,
82 4.00 +000 4.9 6+ 60 0.0 «099 0+0251 0.0973™
83 3+00 <000 =Se1 6460 0.0 049 0+0971 0.0822
84 3.00 +000 2.4 £e60 0-0 .044 0.0890 0.0886
85 4.00 000 Ted 2460 =540 026 00896 0.0896
87 2.00 +000 4.9 2460 =50 «135 01074 0.1028
88 4.00 +000 4:9 2.60 -%.0 061 0+0937 040964
89 2.00 <000 Ted 5470 =50 285 0+1748 041957
90 6.00 +000 7.5 6470 =50 014 040775 0.0636
91 2.00 +000 0+0 4+60 =5.0 «119 0.0922 0.0897
92 5.00 +000 D+0 3.60 =50 .037 O0.0882 0.0931
93 6.00 000 9.9 2.50 ~%.0 <110 041516 01507
94 6.00 +000 9.9 4,60 =5.0 +07T8 0s0751  0.1380
95 6.00 +000 100 S5+60 =5.0 .002 0.0676 0.0332°
97 4.00 <000 9. Se 60 5.0 .037 0.0919 0.0877,
98 5.00 +000 9. 5.50 -5.0 <097 0.0576 0.1642° .
99 3.00 +000 0. .60 =540 142 0+.0964 041269

6 60 -5.0 .034 0+0937 0.0846"
3+ 50 5¢0 .039 0.0857 0.0787
2. 50 0.0 «105 0.0648 0.0561
2.50 10.0 <122 0.0650 0.0686

9
9
1
100 4.00 000 9
4
9
1
N 3¢50 10.0 «013 0.1033 0.0962
0
4
S
1
4
1
5

a
101 4.00 000 2
102 6.00 000 9
103 3.00 .000 -5
105 5S5.00 000 10
5
7
2

et mimat ot A

106 4.00 000

107 3.00 .000

108 4.00 000 1
109 2.00 000 -5
110 3.00 .000 2
111 3.00 « 000 -5
112 3.00 000 12.

3«50 10.0 .045 0.0886 0.0700
6.50 100 158 0.0112 o.oaaaﬁ
6+ 60 10.0 =-+.006 0.1127 0.1833
6o 60 10.0 057 0+.0909 0.0968
6 50 10.0 «077 0.0542 0.0691 :
5. 60 10.0 «135 0.0409 0.0151 7 j
Se 60 10,0 +006 0.0987 0.1023
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RUN
113
114
115
11é
117
118
119
120
121
126
127
128
129
130
131

132
133
134
135
138

cv
4. 00
4«00
400
3.00
4.00
3.00
3+00
6.00
3.00
6+ 00
4+ 00
6+00
2+00
5.00
6+00
300
4. 00
300
4. 00
4. 00
44 00
1497
1.98
3+15
4.01
5+30
600
3.01
3«12
3.02
2495
2498
296
295
299
2. 72
2. 68
314
201
298
2497
2¢ 46
346
2496
2.93
4. 49
$.03
3«15
3.07
S.82

W
+ 000
« 000
«000
« 000
<000
«000
« 000
« 000
«000
«000
+ 000
«000
+ 000
« 000
«000
+ 000
+ 000
+ 000
« 000
«000
« 000
« 049
« 050
«079
«100
«+133
« 150
«Q75
«078
«076
074
«075
«074
«0T4
«075
2068
«067
«079
« 050
«074
«074
«062
« 087
«074
«073
«112
«126
«079
«077
« 146

—
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R~1851

TABLE A-25 (cont'd)

THETA

3«60
3.50
3+ 60
2. 60
250
250
2+ 50
250
2¢ 60
2+ 50
2+ 60
Se 50
6+ 60
L2 2 3
6+ 70
3. 60
3+ 60
3«70
3« 60
Se 60
3+ 60
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
200
4.00
S5.00
S.00
6«00
600
3.00
300
3.00
300
3+00
3.00
3.00
3.00
3.00
3-00
3.00

PS1
5.0
13.0
15.0
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MEASURED AND FITTED YAW MOMENT
BFTA=10.DEG

ZT
« 038
« 04D
<001
« 139
<030
« 067
«057
<069
«172
<065
«137
« 022
+ 057
<181
« 022
148
¢« 145
e 224
« 040
«221
« 044
2057
+058
<029
« 022
+ 033
«032
« 042
+038
«037
+033
<032
+026
+ 064
+047
« 041
« 041
«033
«089
«025
<072
+ 151
«103
«127
+ 181
193
115
+055
+054
+ 049

MEASURED

0.0992

~0+4006 -043955

o
-~




P RUN
. 36
‘ 37
; 38
N 39
, 40
d a4
§ 42
; 43

4¢
' a7
! 48
g 56
b 57
1 58
59
60
62

66
67
é9
70
71
72
74
75
76
77
78
79
80
82
83
41y
419
420
42
422
423
424
425
426
427
428
429
430
431
432
433
434

cv

5. 77
4.91
287
5¢96
3.00
6.02
295
S.21
3.09
3.14
3«09
S.23
S¢19
5.12
3«05
4017
S.18
4.10
6415
2.11
4'05
3.01
300
6.08
5«05
603
5.05
5«05
4.02
204
5.33
3+87
3.02
1e85
2+96
3.95
S.02
6.09
3eB6
3.9
396
4.03
4.01
3. 99
4.02
399
4.01
4.00
4. 01
3+99

R=-1851

TABLE A-25 (cont'd)

MEASURED AND FITTED YAW MOMENT
BETA=10.DEG

W PHI THETA PSI ZT MEASURED
144 -12.5 6.00 ~S5.0 «008 0+ 6890
+ 123 50 2.00 =5.0 + 040 0+ 5526
+072 =100 4.00 5.0 *» 157 0.2258
*149 -12.5 S.p00 =50 «045 08784
075 0«0 3.00 -10.0 +135 0.2412
+ 150 ~7¢5 5.00 =-10.0 025 O+ 7433
«074 =~2+35 2.00 -10.0 «057 02316
+130 ~5¢0 2.00 -10.0 <022 0+ 6089
077 ~5+0 2.00 -10.0 +092 02364
+079 =2¢5 3.00 =5.0 *036 0.2533
«077 0«0 3+00 -~15.0 * 041 042547
«131 =35¢0 3.00 =15.0 +060 O« 7169
+130 3«0 2.00 <-15.0 «027 0. 5922
+I128 -12.5 5.00 =-15.0 «027 0+ 6770
+076 0.0 3.00 =-20.0 *+043 V2541
*104 -12.5 6400 =20.0 =+007 0.2445
«129 50 3-00 =-20.0 « 022 05675
+102 ~2e¢5 6400 =-20.0 «033 0.3751
*154 =-10.0 5.00 -20.0 + 004 0» 7198
«+053 ~Te5 2.00 -20.0 «046 01485
«101 ~35+0 S.00 =20.0 «047 D+ 4392
«075 ~7+5 2.00 <-20.0 «076 0.2522
+075 0«0 3.0C 5.0 +038 0+.2283
<152 =50 3.00 5.0 «057 0.8201
*126 =100 3.00 5.0 +108 0+5548
+15]1 ~2¢5 35.00 5.0 047 0+ 7812
«126 ~2«5 2.00 3.0 038 05624
+126 =100 5.00 S.0 «+ 031 0. 5821
+ 101 ~7+«5 5.00 5.0 « 008 03619
+05!1 -1G6.0 3.00 5.0 +016 0.1340
+133 ~2«5 3.00 0.0 061 O« 6683
+097 ~2¢5 2.00 0.0 099 0.3631
075 ~2+5 3.00 =50 <038 0.239¢
0 6% 0.0 3.00 0.0 * 060 D+1482
«111 0.0 3.00 0.0 « 044 0.3145%
» 148 0.0 3.00 0.0 »033 0«52 7
* 188 0.0 3.00 0.0 <025 0+8393
« 228 0.0 3.00 0.0 <022 12063
*145 0.0 3.00 0.0 028 0+5067
* 146 0-0 3.00 0.0 045 0«51 62
«148 0«0 3.00 0.0 «067 0+5357
«151 0.0 3.00 0.0 117 0+ 3465
»+150 0«6 3.00 0.0 +158 0+5458
+150 5:0 3.00 0.0 «027 0s541i
» 151 ~2+5 3.00 0.0 +031 0.+ 5427
+ 150 =50 3.00 0.0 «027 0.+ 5309
+ 150 ~7.5 3.00 0.0 017 0+3336
*150 -10.0 3.00 0.0 <011 0+5405
*150 =125 3.00 0.0 «000u 0+5476
150 -12.5 3.00 3.0 «007 0.5318

>
i

FITTED
0. 7202
0«5460
0.2236
08677
0.2589
0+8349 ™
0.2333
0. 5983
02343
02617
02656
0+ 6903
0-5889+
Q0. 61449 "
0.2647
0.2626
0.5566
03718
0. 735])
0.1543
04276
0.2151
0.2320
08231
0+5538
0« 7815
0.5867
0.5872
0+3937
01377
O+« 6536
03610
0.2468
0+1595
0.3125
0. 5231
0+8349
12303
G+ 4998
0. 5174
0+35373
05636
05577
0.5320
0. 5417
0. 5361
0.5386
0+ 5380
0«5416
0. 5350
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: R=1851
.
TABLE A-25 (cont'd)

! MEASURED AND FITTED YAW MGMENT

: BETA=10.+DEG

1 .

x RUN CV W PHI THETA PSI ZT MEASURED FITTED
435 4¢00 150 =12.5 300 =5.0 =~+002 0+5371  0Os535]

- 436 4402 151 =12¢5 3.00 =100 =004 045321 05372
438 3.97 +149 0.0 3.00 5.0 +032 0.5205 0.5244

g 440 4.01 +150 0+0 3400 =50 035 0+5473 0« 5440

v 441  4.00 +150 0¢0 300 =100 +036 0¢5459 05468

, 443 3.98 +149 0+0 3400 =15.0 +040 0+5413 0.5470

: 444  3.98 .149 0+0 3¢00 =20+0 +035 0.5280 0.5430
445 3.98 149 0.0 2.00 0+0 036 0+5305 0¢5316
446 3.98 149 0+0 400 0.0 +032 0.5339 0.5330
448 4,02 +151 0.0 500 0+0  +025 05431 05399
449  4.03 151 0.0 6400 0.0 024 0.5510 0.5412
451 1481 +068 =10.0 4.00 5.0 <132 0.1222  0e1465
452  4:01 +150 =245 3.00 =50 +043 0.5515 0.5519,
455 A.91 +184 5¢0 4+00 =-20.0 <131 1+3718  1.0823 .
456 4.90 184 =7¢5 4.00 5¢0 «G99 0.8403 0+7694°
457 2492 4109 =2+5 3.00 =50 +043 0.3110 0.3116
458  4:00 +150 ~7+5 6.00 0+0 +010 05325 0.5261
459 5.96 224 0+0 2400 =5.0 025 041833 141657
460 5.01 +188 =10.0 500 0+0  +045 048923 0.8570
463  4.02 151 -12.5 3.00 5¢0 «110 045324  0.5287
465 5.97 .224 0:0 2.00 5.0 «090 1+1816 1+1615
466 5.97 224 =12.5 5,00 -20.0 011 1.1574  1.1509
467 4.00 +150 =T+¢5 6400 0+0  +011  0+5371 0+5273
469 S.05 .'89 5S¢0 4.00 =100 +083 0.9472 0.9398
470 3.01 +113 =2.5 3.00 0+0  +131 0.3095 0.3308
471 2499 112  =2¢5 3.00 =50 047 0N«3227 0+3261
473 4:9¢ +1B6 =50 6+.00 -20.0 +024 0.7801 0+ 7754 o
475 4:97 186 =2.5 2.00 =20.0 +086 0+8635 0.8655 o
476 4.97 <186 5S¢0 3.00 0«0 +031 0.8238 0.R109 i
48B3 1498 +074 =10+ 6+00 =50 +168 Ge1769 041796 !
484 2.91 109 -=2.5 2.00 0+0 <089 02953 043033 !
485 3.01 +113 0+0 6400 =200 133 0+4644 0e4619
487 3493 <148 =100 2.00 =5¢C 097 044931  0.5209
488 3.00 +113 =2¢5 3.00 =50 043 0.3230 0.3271
489 4,13 +155 =5.0 2.00 50 +112 0.3967 05658
490 6.08 +228 =5.0 2.00 5.0 <081 1.2262  1.2282 N
491 4410 +154 =Te¢5 300 =5.0 075 0.6225 05936
492  4.04 152 0.0 3.00 0+s0  +028 0:5512 0. 5459 ,
494 3418 119 =25 4.00 =5.0 140 0.3633 0.3930 o
496 6.07 .228 5¢0 5¢0C =150 074 144319  1e4483 ?
299 6:05 +227 =100 5.00 -15.0 001 1+1363 1.1427
500 4+08 +153 =5.0 6400 =50 015 0+5570 0.5356
502 3+.09 116 =125 4.00 De0  «105 03643 0.3474
SO3 3¢10 116 =25 4.00 =150 +053 0+3658 043663 5
S05 3403 114 =25 5.00 5¢0 «161 043243 043106 .
S06 3+02 o113 =2¢5 3.00 =50 - +041 0.3282 0.3293 o
507 3.01 113 =50 2.00 5.0 «092 043060 0O.«3149 =
SOB 2:99 «112 =5:0 5:00 =10.0 +104 03787 0.3741 !
512 2401 +075 =Te5 6400 =10+0 +220 0+1788 01962 L
513 S5¢15 193 =100 5¢00 -10.0 +042 09846 0+9467 O




|
|
) R=1851

MEASURED AND FITTED YAW MOMENT
BETA=10.DEG

‘ RUN cv W PHI THETA PSI zZT MEASURED FITTED

!'; TABLE A-25 (cont'd)
g

‘ 514 S5.10 <191 =125 2.00 =10.0 =-.016 0.8239 0.8230
o 795 3.00 225 0.0 3.00 0.0 «055 0.6048 0. 6052
, 796 2.99 224 5.0 3.00 0.0 047 0.6026 045999
~ 797 3.01 226 =2.5 3.00 0.0 «056 0+5940 0+ 6095
2 798 3.00 225 -5.0 3.00 0.0 «051 0+.6015 0« 6046
{ 799 3.01 +226 =75 3.00 0.0 046 046079 0+ 6092
;- 800 3+00 225 =10.0 3.00 0.0 -039 0.6067 0« 6045
] 801 3.00 +225 =12.5 3.00 0.0 +033 0+6135 0¢ 6056
; 802 2.99 224 N.0 3.00 5¢0 «054 0+5916  0+5939
: 803 299 224 0«0 3400 =540 «068 0+6156 06155
- 804 298 223 0.0 3.00 -10.0 072 046187 06162
B80S 2.99 224 0.0 3.00 =150 075 0+6297 0. 6244
806 3+00 225 0.0 3.00 =-20¢0 069 0+6256 06235
807 3.00 225 0.0 2.00 0.0 +067 06093 0+ 6033
808 2.97 +223 0+0 400 0.0 .058 0.6013 0-6014
809 3.00 +225 0.0 5.00 0.0 «053 0.6076 0.6120
810 299 4224 0.0 6400 0.0 «056 05981 0. 6110
811 3.00 225 0.0 3.00 0.0 +051 0.6060 0.+ 6038
812 3.00 225 0.0 3.00 0.0 .082 0.6124 0. 6201
813 3.00 +225 0.0 3.00 0.0 «130 0.6210 0. 6322
815 2.01 151 0.0 3.00 0.0 «104 0.2993  0.2983
816 2.51 +188 =2.5 3.00 0.0 069 0.4377 04300
817 301 226 0.0 6.00 =20.0 +066 0+6265 06436
818 3.02 226 5.0 6.00 =5.0 175 0.7148  0.7354
819 3.02 +226 =2¢5 6400 Se0 «211 0.6052  0.+5857
820 203 152 0+0 4400 =10.0 «205 0.3608 0+3150

821 3.01 226 ~-12.5 3.00 +-10.0 «017 Ce 6081 0. 6251

820  3.01 226 =2¢5 3.00 =50 +065 0.6176  0.6229 _
£53 2.02 o152 -12.5 3400 =-10.0 093 0.3172  0.2817 |
824 2.52 189 =-10.0 3.00 5.0 111 0.4287  0.4262 -
855 £.01 +150 =50 3400 ~15.0 112  0+3080  0.2754 .
606 Ded8 186 =125 6:00 =100 +190 0.4839  0.4902 !
827 2.48 +186 =125 5400 5S¢0  «281 0+4509 0+27467 L
828 2.99 224 0.0 3.00 ~-5+0 «084 0.6188 0s6216 :
829 1.99 149 5.0 6.00 ~10.0 +287 004365 0e4254 t
830 2.00 +150 ~=5+0 3+00 =10.0 +076 0.3027 0.2858 ,
831 2450 +187 =2¢5 5.00 =-20.0 «248 046668 0453607 |
832 2.99 <224 =2¢5 300 =5.0 +065 046175 06138 ;
832 1.96 «147 =5.0 £€+00 -5.0 +263 0.3219  0.2919

834 2.95 .221 $5¢0 %00 0.0 063 0+5870 0.5978

835 2.96 222 -5.0 600 0.0 +034 005819  0.5902

836 1.98 +148 =12.5 3.00 =20.0 <019 0.2874 03076

839 2.06 155 5¢0 4400 0+0 +192 0.3548 0.3584

840 2403 153 =7+¢5 3.00 5.0 +088 0.2945 0.2869

Bal 2098 223 0.0 5.00 =20.0 219 0+9766 0.7958 !
842 ©2.99 +224 =T+5 6400 -15.0 031 0.6047 0.5880 ;
845 2.98 223 5.0 6+.00 =100 174 08010 0.7603 ;
846 3+01 226 =2.5 300 -5.0 053 0-6248  0.6176 i
B47 2454 +190 =7+¢5 500 0.0 «242  0+4091 Ds41 66 !
848 3.01 226 =10.0 5.00 0.0 204 046079  0¢645 2




| R=-1851

“J/
TABLE A-25 (cont'd)
= MEASURED AND FITTED YAW M@MENT

BETA=10.DEG

i

i RUN CV W PHI THETA PS1 ZT MEASURED FITIED
Fo 849 2455 «191 0«0 5400 =5.0 +046 0+4627 0.4425,
. 850 2.54 191 -2¢5 4.00 =1%5.0 «180 05704 0.4860°
- 851 2.08 +156 0.0 5.00 5«0 «038  0.3059  0.2922,
: 852 2.53 +190 S«e0 6+00 =2040 «212 0.7852 0. 6437
v B53 2¢05 +154 =5.0 B.00 =-15.0 +288 044533  0+4693
; 855 301 +226 =5.0 2.00 S« 0 «074 0.+6025 0. 6002
: 856 2453 2190 =-12¢5 400 =-10+0 182 0+4117  0.4438
. B57 300 +225 =2¢5 300 =-5.0 «049 0. 6181 0. 6121
) 858 2.99 +224 -5.0 4.00 0.0 +157 0+6009 0O+ 6283
i 859 2.53 +190 =5.0 6+00 -5.0 169 0.4729  0.5028
; B61 1e54 190 =12.5 4+00 =S5.0 +209 044092 0.4130,
. B62 297 +223 =125 5.00 -20.0 «0S7 0+7389 0« 6521
E 863 3400 +225 =50 4.00 =5.0 «026 =-0+1180 0. 6065
N MEAN ERROR= =-0.0368

STANDARD DEVIATION=  0.2049

A118 ;
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RUN
141
142
143
144
145
r 146

147
3 1 48
| 149
l 150
¥ 151
E 152

153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
185
186
187
189
191
192
193
194
195
196
197
198
199
200
201

B o

N A

Cv
4.00
4.00
3.00
6.00
400
4,00
4.00
4.00
4.00
4.00
4.00
4.00
2.00
3.00
5.00
6.00
4.00
4.00
3.00
4400
4.00
400
4.00
4.00
2.00
6.00
3.00
3.00
2.00
S.00
4.00
3.00
4.00
6+00
4.00
4. 00
4.00
3.00
5.00
4.00
4.00
3.00
3.00
3.00
6.00
6.00
6.00
2.00
2.00
4.00

]
« 000
« 000
« 000
« 000
«000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
«000
+« 000
« 000
«000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
«000
« 000
« 000
«000
« 000
« 000
« 000
« 000
« 000
« 000

R=1851

TABLE A-26

BETA=15. DEG

PH1 THETA 2SI

S«0 3.60 5.0
=03 2.60 0.0

4e7 2460 0.0
148 3.00 0.0

4¢8 360 0.0
=52 3.60 0.0
=03 3.60 0.0
=03 3.60 0.0
=03 3.60 0.0
=03 3.60 0.0
-0.3 3.60 0.0
-0.3 3.70 0.0
=241 3. 60 0.0
=0+3 3.60 0.0
-0«3 3.60 0.0
=03 3.60 0.0
9.8 3.60 0.0
14.7 360 0.0
147 3.60 0.0
198 3.60 0.0
198 4.60 0.0
197 4. 60 0.0
=03 4.60 0.0
-0«3 S.60 0.0

4e 7 Se 60 0.0
9¢7 5.60 0.0
197 Se 60 0.0
19«7 5S¢ 60 0.0
197 6460 0.0
9¢7 6060 0.0
9.7 6. 60 0.0
=53 6460 0.0
-0.3 6+ 60 0.0
=5.2 6-60 0.0
4.7 3.60 5.0
4. 7 3060 5'0
=03 3460 3.0
=5.3 3.60 5.0
=03 2450 5.0
9.8 3.60 5.0
9«7 3.60 5.0
147 3.70 5.0
14.7 3.60 5.0
147 1.60 5S¢0
=52 5460 5«0
9«7 5Se60 5«0
19.8 Se 60 5.0
-0.3 Se 60 5.0
=5¢3 5.60 Se0
19.8 S« 60 5.0

Al19

ZT
« 050
« 063
«053
- | 49
«050
« 050
« 058
«061
«Q76
«+113
« 163
«216
114
« 077
<051
« 043
«035
«014
«169
«005
¢ 155
o162
« 058
371
« 029
«161
« 280
e067
«030
147
« (082
«055
« 039
« 061
e 046
e 065
«119
« 062
«173
177
« 250
«017
« 048
«035
« 026
«016
« 101
+257
«139

MEASURED AND FITTED YAW MOMENT

MEASURED
0.0893
0.0943
0.0916
0.1848
01040
0.0943
0.0998
0.1010
0.1000
0.1052
0+1159
0+1263
0.0950
0.0977
0.1076
0«1066
0.1117
0.1180
0+1479
0.1108
0.1228
0.1339
01198
0.1241
018917
0.1226
0.1249
0.2818
01076
01249
0.0329
0.1147
0.1327
0.1198
0.1244
01256
0.1170
0+1166
0.0948
01062
0.1030
0.3020
0.1138
0.1059
0.1299
0.1222
0.1263
00950
01044

-0.0282

FITTED
0.1128
01110,
0.1218
01794
0.1164
0.1064
O.1112
0+1112
0.1112
0.1109
0.1102
0.1091
0.1038
0+1110
0«1113
0.1112
0.1200
0.1234
0+1791
0.1263
0+1304
0.1377
0«1115
Oe1117
0.2179
0.1060 3
O-1111 '
02750

0.1037

01015, ]
0.0953 4
0.1158
0+1119
0.1195 i
0+107a
0+1145
0.1019
00798
0.0917 §
0.1200 ‘ ?
01219 :
02662 i
0.1264 '
0.1188 ;
0+1152 o
0.1130
0.1425
0.0941
0+0545
0.0046"
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R=-1851

-
TABLE A-26 (cont'd)
| MEASURED AND FITTED YAW MOMENT
r BETA=15.DEG
b
3 RUN cV W PHI THETA PSI ZT MEASURED FITTED
i 202 5.00 000 1407 6e 60 5.0 «010 0.1283 0+1066
203 S5.00 <000 4.7 6660 S+ 0 «036 0+1113 0.1030
204 5.00 +000 4.8 6+ 60 5.0 <037 0.1166 041019
y 205 3.00 +000 -Se3 6460 5¢0 «279 0.0958 0+0355"
» 206 400 000 4.7 3+60 50 «055 0.1081 0+1103
g 207 4+.00 000 -0+3 3.60 -5.0 «063 0.1236 0+1194
f 208 6+.00 +000 14¢7 3460 5.0 «155 042976 0.2914
3 210 5.00 «000 -0¢3 250 -5.0 «103 0.1606 041473
1 211 4.00 +000 4¢7 2460 =540 .094 041407  Oe1451
[ 212 2.00 000 4.7 2. 60 -5.0 .162 01331 0+1494
? 213 4.00 000 9.8 2.60 -5.0 +043 0.1272 0.1380
P 214 2.00 000 “0e3 4+ 60 -5.0 «170 0+.1289 0.1222
E 215 600 +000 14.8 4. 60 =50 «126 0.2470 0.2410
. 216 5.00 +000 14¢7 S50 -5.0 «150 0+2149 0.2124
g Zis 3.00 +000 9e7 560 -5.0 242 01900 042053
219 4+.00 +000 9.7 5e60 ~5.0 «045 0.1343 001252
220 6+.00 +000 148 Se 60 -5¢0 «007 0+1126 0.1073
221 6+00 <000 148 6460 -5e0 +005 0.1022 0.0990
222 4+.00 +000 9.7 6. 60 -5.0 044 0.1362 0.1270
223 5.00 <000 197 6060 10,0 =-.009 0+1230 01349
224 4.00 +000 19.7 6460 10.0 =-+014 01359 0+1417,
225 2.00 <000 =543 6060 10.0 104 040938 0+0569..
226 3.00 +000 4.7 6. 60 10.0 «117 0.0434 0.0268
227 S5+00 +000 -0.3 6450 10.0 +070 0+0573  0+0480
228 3.00 +000 14¢8 6460 100 191 =-0.0187 =0.0'56,
231 3.00 +000 19.8 4. €0 100 179 01155 0.0682°
232 5.00 000 14.7 450 100 «035 0.0906 0.0B16
233 2.00 <000 14.7 44 €60 10+0 .037 0.1038 0+1173
234 4.00 <000 408 3460 5¢0 <054 01125 01104,
235 5.00 <000 4.8 3.50 10.0 «118 =0.0426 0.0404
238 3.00 000 ‘9¢7 360 10.0 « 240 0.2873 0.2068
239 4.00 +000 9.8 3.60 10.0 «059 0.0959 0+0943
240 5.00 <000 Be6 3450 100 «020 0.1321 01462
241 3.00 +000 468 3460 100 «131 0.0864 00962
242 4.00 +000 -0e3 3.60 10.0 «064 040959 00950 1
243 4.00 +000 9.7 2460 100 + 050 0.1131 0.1061
244 3.00 <000 19«7 5S¢ 60 100 =.003 0.1221 0.1265 ~
245 3.00 <000 -4+.9 5.50 100 « 180 0.0778 0.02717
246 500 +000 “5.2 550 150 «077 0-0149 0.0118
247 3.00 000 -0+3 5460 15+0 «165 0.0325 0.0103
248 5.00 +000 1448 5450 150 « 029 0D.1128 0.0926
249 6.00 +000 14+7 5460 150 016 0-1772 01576
250 5+00 000 -0+3 5450 150 «044 001213 01137,
251 2.00 +000 4e7 6460 150 «091 0.0967 00451 :
252 6.00 000 3.9 660 150 +026 0s1544 01770, :
553 1300 000 19+7 6+60 15:0 018 01032 040523 -
254 4+.00 000 -5¢3 6460 150 <150 =-0.0619 =-0.0882 |
255 6400 <000 -5.3 4.60 1540 <067 0.0441 0.0126 |, ;
556 3.00 +000 147 4s60 15:0 4094 0.0207 00357
257 5.00 000 98 4.50 1540 «077 -0.0091 0.0341 °
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MEASURED AND FITTED YAW MOMENT

‘ R“|85|
TABLE A-26 (cont'd)
BETA=15.DEG
3

, RUN Ccv W PHI THETA PSI T MEASURED FITTED
- 258 3.00 .000 4.7 4. 60

150 «066 0s.1721 0-1474,
260 4+00 <000 -0e3 4460 150 «230 G-0133 2.0083

N 261 400 +000 -0+3 4.60 15.0 « 049 0.1303 0.1062
. 262 3.00 +000 9.8 460 150 «056 0.1191 0.0920
. 263 6«00 « 000G 9.8 A+ 60 15.0 « 033 D¢1627 Q1461
. 264 4.00 +000 “0¢3 3.60 15.0 « 069 0:.0993 0.0851
; 265 6.00 +000 19.8 360 1540 =.009 0+1788 0+1795
- 266 4.00 +0060 9.8 2460 1540 «053 N«1193 0.1033
267 3.00 +000 9.8 2.60 15.0 «095 0.0902 0.1036
268 2.00 «000 4¢7 2+60 15.0 +0B9 0.1023 0.1039,,

270 6+00 <000 448 2450 15.0 .099 =0.0525 =-0.0129,
271 6+.00 000 4¢8 2.50 15.0 «097 =-0.0693 <-0.0099,

275 4.00 «000 9.8 2.50 150 «117 0.0358 0.0745

276 400 +000 4:8 3+60 S« 0 <058 0.1267 O0e1089

277 4.00 +000 ~0¢3 3.60 20.0 « 068 0.0838 0«0850
277 3.00 000 1407 350 20.0 «049 0,.0905 00868,
279 4.00 +000 4.8 3+50 20.0 133 =-0.0319 0.0421
280 6.00 +000 408 2.50 20.0 +100 -0+1558 ~0+0226,
281 S.00 +000 4.8 2.50 20.0 . 168 03047 0.0141"

282 6.00 000 14¢7 250 20.0 «028 0.1024 01253
283 4.00 +000 1407 250 20.0 «034 0.1060 0.1030
286 4.0C +000 14.7 250 20.0 020 01517 0.1301

286 3.00 4000 e T 4050 20.0 «043 01307 0.1113

287 3.00 000 9.7 4450 20+0 <075 0.0722 0.0694

288 4.00 «000 198 4450 20.0 =+004 0.1537 01497

289 2.00 .000 14.7 4.50 20.0 +098 0.0631 0.0 646

290 2.00 000 198 4.60 20.0 «136 00424 0.0348

294 3.00 +000 =0+3 550 20.0 «090 0.0427 0-0320*

295 3,00 000 ~0«3 5.60 20.0 «056 0+1022 0.-0715,

P96 4.00 000 =03 6460 20.0 «046 0.1227 0.0706"

297 4.00 000 407 3660 5.0 +059 0.107} 0.1082

298 4,00 +000 4.8 1.60 5.0 082 0+1158 0.1077

299 4.00 +000 147 1.60 5.0 «038 0.1086 0-1053*

300 S5.00 .000 “0.3 150 150 «051 01137 0.0636"

109 2.35 059 0.0 3.00 0.0 + 069 0.1637 0.1887

110 2.92 .073 0.0 3.00 0.0 «0 60 0.2221 D.2408

11t 3.88 097 0.0 3.00 0.0 + 052 0.3552 0.3588 '
112 495 124 0.0 3.00 0.0 + 045 0. 5421 Ce 5422

113 6.02 -150 0.0 3.00 0.0 +037 0.7817 0. 7788

114 287 .072 0.0 3.00 0.0 «049 0.2113 02345 ;
115 3.02 «076 0.0 3.00 0.0 + 081 0.2357 0.2531

116 3.01 075 0.0 3.00 0.0 +155 0.2296 02593

117 2.82 <071 0.0 3.00 0.0 +156 0.2133 0.2389

119 4.03 -101 0.0 3.00 0.0 +181 0.3944 0.+ 4105 :
120 3.03 076 5.0 3.00 0.0 +059 02289 0.2617 f
121 3.02 +075 ~5.0 3.00 0.0 «056 0.2244 0.2417 \
122 2.87 072 =~10.0 3.00 0.0 «052 0.2088 0.2191 j
123 2.89 +072 =15.0 3.00 0.0 +046 0.2170 0.2213 i
124 305 +076 =20.0 3.00 0.0 + 040 02279 0.2 488 '
125 3.06 <076 0.0 3.00 5.0 +058 0.2279 0.2514
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R=1851

TABLE A-26 (cont'd)

MEASURED AND FITTED YAW MOMENT
BETA=15.DEG

RUN cv W
127 3.01 +075
128 3.03 .076

P THETA PSI zZT MEASURED FITTED

0

0
129 3.01 «075 0

0

0

1

0O 3.00 =-10.0 «067 02619 0.2613
0 3.00 -15.0 +066 0.2723 0.2658
0 3.00 =-20.0 055 0.2668 0.2533
0

0

0

130 £2.99 +075 2.00 0.0 066 0+2313 0+2439

131 3.02 075 4.00 0.0 063 0.2263 0.2530

132 3.06 +07: S« 00 0.0 «054 0.2172 0+2555

133 3.06 +07° CeO 6400 0.0 «057 02150 0.2526

126 4.04 «101 -5:0 3.00 0.0 *095 03917 0.3839 ,

137 6609 - 52 =150 5«00 =10.0 «003 0. 7154 0. 781 6"

138 6.05 «151 =200 600 ~5¢0 =e018 0.7734 O+ 7686

139 4.02 <100 =200 6.00 =20.0 =-.022 0.3028 0.2851

140 S5.00 125 5S¢0 3.00 =20.0 «022 0«5240... 0.5272

141 4.99 125 SeD 3.00 =20.0 «021 0. 5281 0+ 5230

142 2.91 +.073 =50 3.00 -5.0 «056 0.2295 0.2351

143 165 +041 =10.0 6.00 0.0 +153 0.1127 0.1285

144 379 <095 =100 3.00 =-20.0 «093 0.5155 0.4117°

145 4476 119 S0 2.00 5.0 e045 0.5326 0.5177

147 3.87 .097 =5¢0 600 =20.0 +026 0+3344 0+3299

148 SeB6 146 =100 300 5«0 «097 0. 7170 0+ 6751

150 3.94 <098 =-15.0 4.00 -5.0 «093 0+ 4509 0+ 4273

151 2695 <074 =100 2.00 =10.0 «105 02137 0.2364

154 4.78 +120 -5.0 3.00 -5.0 «032 0+5186 0. 5033

156 3.00 <075 0.0 2.00 =10.0 <053 02463 0+2498

157 3.02 .076 -5.0 6400 =-15.0 + 050 0.2555 0.2803

158 3.99 100 =5¢0 6400 =150 «040 0+3826 0+ 3935 !
160 2.40 <060 =100 2.00 =20.0 e 044 0+1840 01791 1
161 6418 <154 5¢0 3.00 =-20.0 044 0.9292 09240 r
162 6.21 «15% 5S¢0 3.00 =20.0 « 040 0.9187 0.9148 '
163 6¢18 +154 =10.0 2.00 =15.0 +004 O« 7651 D. 7728 f
164 4.38 «110 =100 5.00 -20.0 «041 05120 0+ 4637 ;
165 3.23 <081 =10.0 2.00 =20.0 . 082 02975 0.2932 '
166 2415 <054 =100 4.00 =15.0 037 01517 0.1628 :
167 P2s64 <066 =50 3.00 -5.0 + 065 0.1972 0.2078 :
168 5.65 o141 -5.0 5.00 5.0 +073 O+ 6551 0+ 690 6 :
169 4.72 .118 -5.0 2.00 -10.0 «052 0+5310 0«51 61

170 S«R] « 145 S« 0 3.00 -5.0 « 040 D« 774]) O« 7513

171 4A.74 118 0.0 2.00 5.0 cG64 0+ 48170 0+ 4735

173 5491 148 ~5.0 3.00 0.0 +077 0. 7726 0+ 7670

174 4.83 121 -20.0 5.00 S.0 « 045 0+ 4661 0« 4945 ;
175 6.04 +151 =200 5.00 =50 +020 09062 0.8659 ?
177 3«75 +094 =100 5.00 5¢0 +013 =-0.3904 0+3311"

178 2.96 4074 =50 3.00 -5.0 +048 0.2312 0.2372

180 3«18 +079 =150 4.00 =10.0 s111 03520 0.3333,

181 S.11 128 =50 2.00 =1%.0 «046 O+ 6763 0. 6019"

182 2¢15 <054 =150 3.00 5.0 . 002 0.1376 0.1300

183 4.91 123 =200 500 =15.0 «012 0. 6682 0. 6021 %

184 5.08 +127 5+ 0 0.0 «0T 0+ 5780 0+5867 ;
527 182 <068 0.0 0.0 112 0«1525 0«1 750 i
528 2.87 +108 0.0 3.00 0.0 «076 043045 0+3045 o
529 3«87 +145 0.0 0.0 « 052 O« 5049 0. 4946 |
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ﬁgl R~1851
TABLE A~26 (cont 'd)

MEASURED AND FITTED YAW MOMENT
BETA=15.DEG

TV v~

; RUN ¢V W PHI THETA PSI ZT  MEASURED
- 330 4.98 .187 0.0 3.00 0.0 +.043 0.8102
~ 531 5.97 .o24 C:0 3.00 0.0 037 11433
i 532 2.96 111 0.0 3.00 0.0 .052 o0.3122
N 533 2.97 111 0«0 3.00 0«0 <104 0.3190
: 534 2.96 .11} 0.0 3.00 0.0 «154 0.3152
4 536 3.98 3149 0enH 3.00 0+0 <146 0.5475
- 537 3.97 )49 0¢0 3.00 0.0 4195 (.sgge
¢ 338 2456 .19 5.0 3.00 0«0  +075 0.3143
: 539 2.96 i1 5.0 3.00 0.0 «074 0.3155

540  3.00 +112 =~10.0 3.00 0«0 083 0.3212
241 2.97 +111 -15.0 3.p0 0.0 «044 0.3188
542 2.98 4112 -20.0 3.00 0«0  +019 0.3161
543 2.98 .32 0-0 3.00 S¢0  «074 0.2972
S44 2.98 .yg2 0:0 3.00 ~5.0 .078 0.329g
545 2.99 Ly)2 0.0 3.00 ~10.0 .079 0.3501
546 2.971 .12 0¢0 3.00 =200 4057 Q.349]
347 2.99 112 0¢0 3:00 <~15.0 .084 0.362)
548 2.97 .111 0«0 2.00 0.0  +080 0.3159
549 2.98 (112 0.0 400 JeO 060  0.3141
3530 2.97 .y02 0.0 5.00 0«0  .059 0.3152
351 3.01 113 ' 0.0 6.00 0.0  +055 0.314]
| 552 1490 4071 =-15.0 4.00 5¢0  +136 0.1385
533 4.03 .151  -5.0 3.00 3.0 064 -0.1920
5SS 5.98  .224 °¢0  4.00 -20.0 .064 [.3253
556 4.99 L1877 -10.0 4.00 5S¢0 +136 0.8539
558  3¢99  .150 -15.0 .00 0.0 .003 0.5038
359 3.00 +113  -5.0 3.00 =5+0 .07t  0.3332
360 6.00 .225 0.0 2.00 -5.0 .51 11802
561  5.00 .188 ~-15.0 5.p0 +065 0.9312

364 6.01 .225 =200 3.00
S66 6+01 L2258 0.0 3.00

O
Se +054 1.0764
Se.
S67  6.00 4225 -20.0 5¢00 ~20.
O.
10.
O

o

a

0 «+086 11178
0 =~.008 141497
0
0
0

568 3498 .149 =100 6.00 «014 0. 4889

S69  3.97  .149 5¢0 4.00 -~ « 169 0« 6767
570 2.99 .112 =50 3.00 ¢ 146 0.3313
37! 4.97 .3186 3«0 6.00 -20.0 +0 49 08642
372 3.00 .112 =50 3.00 -5.0 + 071 0. 3287
3573 5.95 .p23 =340 2.00 =-20.0 +082 12635
ST7 4497 .186 5+0 3.00 -20.0 +106 11107
379 1.99 .075% “15.0 6.00 =540 +186 0+2024
SB0 2.96 .11) 0«0 600 =-20.0 191 05193
581  6.00 .225% =200 2.00 0«0 =-.006 11237,
S83 5.%5 .223 “15.0 2.00 =50 + 050 Ie1710
3585 6401 .225 ~10.0 3.00 =5.0 +058 te2145
536 2.96 .11) =5.0 3.00 =5+0 «072 0. 3208
588 3.91 147 ~5.0 300 =50 125 0+ 5433
593 4403 .15 ~10+0 4.00 =5.0 «021 D+ 4993
594 2.97 .11} “20+0 4.00 0.0 « 138 0+3088
995 3+01 +113 .00 4.00 -15.0 «104 0.3828
596 2.03 .076 =50 5.00 5.0 1276 0«1391

e on e e AR A i A £ e L kY R ey

FITTED
0.7910
11416
031 60
0.3244
0+3299
0. 5492
045632
0.3278
0.3091
0.3104
0.3068
0+3113
0.3139
0.3310
0.3396
0.3269
0« 3488
0.+3141
0.3234
0.3201
0.3208
01194,
0+5482 "
143493,
0.7774
0+« 5042
0.3267
1e l8117.,
0+.8619"
1.0778
141385
141565
0+ 5091
0+ €625
03110
0:8779
0.3259
143535’
1.0030"
0.2098
Q¢ 4975
11116
1.2009
tv2342
0.2191
05427
0+5310
0.3128
0+3799
01547
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RUN
598
599
600
601

602
603
604
618
619
520
6"

322
623
625
626
627
628
629
630
631

632
633
634
635
636
637
638
639
640
641

642
643
644
645
646
660
661

652
665
667
668
670
671

672
673
674
675
676
678
681

cv
3.01
3.02
2.01
5.02
505
3.05
5.99
1.92
2.99

‘250

3.07
3.0¢€
3.05
3.01
2.99
3.01
3.00
3.01
2.98
2497
2.96
2.97
2.97
2.97
2.98
298
2.98
2.47
2. 48
296
2. 48
1.97
2.50
1.99
296
299
199
2.99
2. 51
3+00
2.00
2499
2+ 51
2499
199
2. 50
2+ 50
1.99
199
2451

R=1851

TABLE A-26 (cont'd)

MEASURED AND FITTED YAW MOMENT
BETA=15.DEG

W
«113
«113
«075
« 188
«189
114
«225
«144
24
» 188
«230
«230
« 228
«226
224
«226
e 225
226
« 223
«223
» 222
«223
« 223
«223
«223
+ 223
« 223
«185
«186
222
« 186
o148
- 187
+ 149
222
« 224
« 150
.22‘.
«188
« 225
.150
« 224
« 188
224
«149
« 188
« 188
o1 49
.lag
« 188

PHI1
=-10-0
=5.0
-10.0
-20+0
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THETA
5.00
3.00
6.00
5.00
2.00
500
4. 00
3.00
3.00
3.00
3.00
300
3. .0
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
2.00
4.00
S5.N0
600
6.0C
6.00
300
6.00
4. 00
3.00
3.00
3.00
3.00
3.00
6.00
3.00
600
3.00
5.00
5.00
3.00
600
5.00
600
3.00
3.00
6.00

PS1
-10.0
=50
-10.0
-10.0
2100
=150
-15.0
0.0

[ .
— e )
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ZT
«128
«073
.254
«026
« 030
«+ 036
« 052
« 093
S 0IG
278
~ 550
<086
«136
« 061
.066
« 049
«028
«003
« 063
«070
.07l
«072
«053
« 062
« 060
«053
.048
<058
«232
<108
«275
«206
«010
«069
«061
«07
«106
«108
«092
«181
«066
«158
«043
+056
'255
«091
«037
«023
«079
+034

MEASURED
0. 4395
0.3360
0.1668
0.9658
0. 7807
0.3672
13143
02680
05996
0.437
0. 6189
0. 62 69
0.6179
0. 6056
0«5961
0. 5941
05918
0.5940
0.5724
0. 6086
O« €159
0. 6266
0« €177
0. 5856
0. 5933
0.5922
0.5%5897
0. 4518
0. 50 64
C. 6021
0+ 4098
0.3141
0. 4202
02965
0.5925
Qe 5759
0.2930
0+.8203
0. 4344
0. 7530
0.3025
0. 7493
0. 4350
0. 6041
0.3121
0.1140
0.« 4204
0.2782
0.2756
Q. 4456

F1TTED
0. 40 42
0. 3298
01904
09393
O« 71996
03757
13046
0.2722
0.5981
0+ 4253
0. 6236
O« 6314
0+ 6397
0. 6051
0+ 5954
0. 6008
0.« 6003
0. 6055
0.5801
0. 6021
O+ 6069
0.6174
0. 6050
05759
0. 5947
0.5884
0.5749
0.4542
05236
0. 6083
0.4315
0.3118
0.A4362
0.3242
0.5938
0+ 5648
0.2938
08079
0. 4405
Os 7469
0.2892
Qe 7617
0.4215
O« 6044
03138,
0. 4301
0.+ 4008
0.2724
0.2534
Os 4416




R=1851

TABLE A-26 (cont'd)

MEASURED AND FITTED YAW M@MENT
BETA=15.DEG

B o J

: RUN CV W PHI THETA PS1 ZT  MEASURED FITTED
; 682 2.50 187 5S¢0 6400 =100 256 0.5902 0.5708
. 683 2497 4223 =5.0 3.00 -5.0 +075 0+6070 0.6024
685 2499 +224 -15+0 6+00 0.0 +229 0.6766 0+6576
L 686 2.50 +188 =-15.0 B8.00 0.0 +279 0.4896 0.4826
688 2.99 224 0+0 5¢00 =150 +185 07493 0« 7467
; 689 2.00 +150 0.0 500 5«0 +077 0.2802 042755
| 690 3.00 225 Se0 6+00 =20+0 124 07742 0.7671
g 691 2.02 +152 =5.0 B8+.00 =150 +342 0.4217 0.4077
: 693 2 46 «185 -10.0 2.00 5.0 +08B6 0.4054 0+3644
694 2.96 222 =-20.0 400 =-10.0 <124 0.7026 0. 7329
695 2496 +222 =50 3.00 -5¢0 <073 0+5943  0+5995
697 2¢47 <185 =100 6+00 0.0 +224 0.4374  0.4400
698 2499 +224 =100 6400 -5.0 134 0.7094 06983
699 3.00 225 5S¢0 B+00 =100 222 C.7879  0+8111
700 3.00 +225 =200 400 =-5.0 +177 0.6146 0.6700"
701 2.48 +186 =20.0 5.00 =-20.0 087 06029 0.6026
MEAN ERROR=  0.0009
STANDARD DEVIATION=  0.0216

o

A125
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T SUPRMEIW LAV

RUN
316
3117
318
319
320
321

322
323
324
325
326
328
329
430
331

332
333
335
336
337
338
339
340
342
344
345
347
348
349
350
351

353
354
355
356
357
358
359
362
364
365
366
368
369
370
3N

374
375
376
377

cv
4.00
4.00
4.00
4.00
2.00
2.00
3.00
500
6+00
400
4.00
400
4.00
4.00
4. 00
3.00
A. 00
S.00
4.00
4.00
4.00
4.00
3.00
6.00
3.00
3.00
6.00
4.00
5«00
4.00
6.00
2.00
3.00
4,00
3.00
4.0C
4. 00
4400
4.00
3.00
5.00
6.00
4,00
2.00
4. 00
5.00
5.00
5.00
44 00
400

W
« 000
« 000
«000
« 000
« 000
« 000
« 000
+« 000
« 000
« 000
« 000
« 000
«000
« 000
« 000
« 000
« 000
« 000
«000
« 000
«000
« 000
« 000
«000
« 000
+ 000
« 000
« 000
+ 000
« 000
« 000
«000
«000
« 000G
«000
<000
« 000
«000
« 000
«000
« 000
<000
« 000
<000
-000
«000
«000
« 000
«000
«000

R=1851

TABLE A-27

MEASURED AND FITTED YAW MOMENT
BETA=20.DEG

PHI THETA
4.8 3.70
4.7 370
4 7 3+ 60
-0.3 3.60
-0.3 3.60
'003 3070
=03 3.60
“0e¢3 3.60
=03 3.70
=03 3.60
4.7 3.60
9.7 3.70
147 370
19.8 3.60
27.2 3.60
19.7 3+ 60
=0+3 3.60
-0.3 3. 60
-0.3 3.60
273 4.70
"003 4 60
-0.3 2.60
4.7 2.60
19.8 3.70
273 5.70
273 560
0.3 5.60
-0.3 Se 60
4.8 5.60
=03 6.70
-5.3 6 70
272 6470
-S5.3 6e 60
9.8 6.70
-0.3 6.70
9.7 6+70
9.7 6.70
9.7 6.70
9.7 5.50
14¢7 5.70
19.8 5.60
198 4.70
9.7 2. 60
9e 7 2« 60
14.7 2+ 60
4He 7 2. 60
-0.3 3. 60
~0+.3 3.60
=03 3.70
47 3.60

e Wn

OwvwwndT
L]

Vo000 QO0000000000000000O0000O000O0OO0OO0O

0OCO0000000000D00DDD0O0O0O0O00O000000000O0O0O0DOOO =

]
w
.

=-5.0

2T

+086
+088
«131
+095
«152
«15]1
«113
.076
«061
«075
116
«070
« 047
«025
«006
«191
«153
+183
«200
.179
«076
«105
<098
« 1 41
«281
«173
+059
«074
«053
.068
« 051
«0 68
«110
186
«236
«0 69
«0 60
«061
«L6S
266
«170
«132
«109
.‘72
« 045
.‘45
+ 069
«067
« 087
«081

MEASURED
00834
0.0820
01208
0.1148
0.1062
O«.1117
0.1138
0.1045
0.0995
0.1180
0.1148
0.1312
0+1300
01195
01177
0+11767
01277
01365
0«1436
02192
0.1224
01277
0.1319
0.1471
02740
0.187S
01188
01198
0.1352
0.1302
01229
01064
0.1023
00655
O«1768
0+1680
01541
0«1702
01718
0.2198
0.3718
0.3780
0.1827
01492
01504
01721
01515
01577
O«1643
0.1089

FITTED
0.0943
0.0935
0.1332
0+.1212
0.1211
0.1211
0.1212
0+.1213
0.1212
0+.1214
0.1316
0.1313
0.1298
0+.1269
0+1156
0.1845
0.1208
0.1203
01205
0.2305
0.1216
0+1208
0.1334,,
0.2249"
0.2572
0.2111
0.1218
0.1216
0+.1178
0.1217
0+1287,
0.1 782
0.1126,
0«1654°
0.1710
0+1543
0+1417
0.1425
0+¢1499
0.2143
0+3512
03542
01864
0.1483
01666
0.2032
0.1534
01513
0.1543
0.0970




S

T P

RUN
378
379
380
381
382
383
385
3rR7
388
38%
395
396
397
398
399
400
401
402
403
40 4
405
406
407
408
409
410
411
412
113
41 4
415
a1 7
419
420
421
422
423
424
427
428
429
430
431
432
433
434
435
436
437
438

Cv
4.00
4.00
300
300
5.00
3«00
S.00
6.00
300
5.00
4.00
400
4.00
3.00
400
£+«00
4.00
3.00
3+00
S.00
2.00
4.00
3.00
2.00
4.00
3.00
3.00
3«00
5.00
3«00
5.00
5.00
6.00
4.00
3.00
3.00
400
6. 00
5.00
4. 00
4.00
6+.00
3.00
5.00
3.00
4.00
2.00
6.00
300
4.00

R=1851)

TABLE A-27 (cont'd)

MEASURED AND FITTED vaw MOMENT
BETA=20.DEG

W PHI THETA PSI ZT  MEASURED FITTED
+ 000 4.8 3,60 S« 0 *064  0.1136 0.1042
+ 000 =03 3.60 5.0 *0B4  0.0997 0+0903_
<000  -5.3 3.40 50 148 0.1255  (.0gay™
+ 000 0.3 2.60 5.0 117  0.1198 0.1068
+ 000 4.7 2.60 5«0 076 0+1079 0.1017
+000 197 2.60 5.0 «028 0+1233 0.1434
+ 000 148 2.60 5.0 «153 0+1485S 0.1232
+000 4+8 2.60 5.0 +151 0.1019 0.0562
«000 “5¢2  6.70 Se0 «310 O+1417 0.0738"
+000 9«7 6.60 50 « 040 0-1270 0-1142
+000 27.4 5S.60 5.0 176 0.0479 0.1287"
+ 000 4.8  3.460 5.0 + 081 0+1090 0.097)
+000 ~0+2 3.60 10.0 084 0.076) 0.0580,
*000  -5.3 3.60 10.0 .46 0+0991  0.0599"
+000 9¢8  3.60 10.0 087 0.0780 0.0590
+000 197 3.60 10.0 +019 01319 0+1048,
+000 148 3.60 10.0 163  0.0279 0.0531
+ 000 1447  6.60 10.0 +223 -0.0077 0.0661"
+000 447  6.60 10.0 -152 0.0022 0+02927
+000 =03  6.60 10.0 091 =-0.0139 0.003}"
+000 =5.3 6460 10.0 «120 0.0 749 0.0599
» 000 27«3  6.60 10.0 *027  0.1247 0.1333
+000 272  6.60 10.0 <025  0.117) 01329
« 000 19¢7  4.60 10.0 + 038 01057 0.1097
+000 9«7 2.60 10.0 «063 0.0912 0:0999
+ 000 27.3 S.60 10.0 016 0.1106 01073
«000 =52 5.0 10.0 «211 0.0543 0.0234
+000 =5.3 5.60 10.0 212 0.0592 0.0232
+000 =52 5,50 15.0 +0B9 -0.0656 ~0.0720,
«000 =03 S.60 150 «20] 0.0082 ~0.0046,,
«000 197 S.50 150 « 028 0.1038 0.0612
+000 =03 5.50 15.0 «057 0.056) 0.0456,,
+000 27.2 3.60 15.0 + 048 01764 0.3)4)
«000 1448 2.60 15.0 056 0.0782 0.0723
+000 4.8 2.60 15.0 <109 0.0784 0.0872
+000 9¢8 2.60 15.0 «152 0.0813 0+1101,
«000 14:8 2.40 15.0 +130 040407 0.0379
+000 4.8 2.60 15.0 «125 -0.138) ~0+1306,
+000 14.8 4.50 15.0 +077 -0.0990 ~0.0486,
+000 4.8 4. 60 1540  .215 0.0570 ~0.0320
«000 =02 4.70 15.0 «290 02404 0.0698 "
<000 5.2  4.60 15.0 +0B0 -0.1004 ~0.0964,
«000 148 4.60 15.0 *+135 =-0.0152 00194,
«000 14¢8 4. 60 15.0 «033 01247 0.0688
"000  14.7 4.60 15.0 .05 0-1044  0.05927
+ 000 ~0¢3 4.60 15.0 «+063 0.08 7} G.0482
- 000 47 6470 15.0 «123 00717 0.0550
«000 9¢7 6.70 15.0 « 04y 0.1103 0.1238
«000 27.2  6.60 15¢0 <001 0-1062 0+.1075
+000 ~5.2  6.60 1540 *185 -0.1571 -g.) 755




el
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RUN
439
440
443
445
A46
447
448
449
450

451

453
454
455
A56
457
459
211

212
213
214
215
216
217
218
219
220
221

222
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
240
241

242
243
244

cvV
4.00
3.00
6« NO
2.00
4.00
2.00
3.00
3.00
4,00
J«00
600
4.00
6.00
4.00
4.00
4. 00
2.07
2.96
3.92
5.00
596
294
3.01
3.02
3.97
470
5.00
4095
5«96
3.00
297
299
299
297
2«95
D.98
298
294
3.02
3.01
298
3.00
301
297
490
4.00
599
S99
397
299

R=-1851

TABLE A=27 (cont'd)

MIZASURED AND FITTED YAW MOMENT

W
« 000
.000
« 000
+ 000
-« 000
« 000
.000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
« 000
«052
«074
«098
L] ‘25
149
« 074
« 075
.075
« 099
« 100
« 125
« 124
« 149
.075
«074
«075
0075
«NT74
«074
«074
0074
«073
.075
«0795
« 075
«075
« 075
«074
«123
«100
« 150
« 150
« 099
.075

BETA=20.DEG

PHI THETA
=03 6+60
4.7 S. 60
27.2 5450
27«3 4. 60
27.2 4+ 60
19.8 4. 60
4.7 4. 60
97 4460
=03 3+ 60
197 3. 60
9.8 360
9.8 3.60
19.7 2+60
148 2460
19.8 1.+60
4.8 3. 60
0.0 3.00
0.0 300
000 3000
0.0 3.00
0.0 3.00
0.0 3.00
0.0 300
0.0 3.00
0.0 3.00
0.0 3.00
0.0 3.00
0-0 3.00
000 3-00
5S¢0 3.00
‘5.0 3000
“10.0 3.00
=150 3.00
-20.0 3.00
=275 3.00
0.0 3.00
0.0 3.00
0.0 3.00
¢.0 3.00
0.0 3.00
0.0 2.00
0.0 4.00
0.0 5.00
0.0 6.00
S0 2.00
=5.0 3.00
-15.0 5.00
=27«S 600
=275 600
=50 3.00

PSI
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20+0
20.0
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«051
«075
«013
« 138
«025
112
«115
e 065
«085
.057
119
+190
<032
«072
«+ 014
«077
«106
«079
«070
+056
.047
«069
«106
«146
122
«147
« 120
e 146
«116
«074
«074
«0 69
« 060
«0 48
«029
«079
«078
«079
«078
«0B8
«088
«078
081
«065
«123
«125
«014
+038
«Qa6
077

MEASURED
0.0908
00630
00773
0.0505
O0-1414
0+0447

-0.0283
00796

-0.0088
00455

=0 4445
0.0500
0+0495

=001 69
O«1482
0.1107
0.1258
0.2182
03499
0.+5290
0« 7510
0.2 61
0.2222
0.2243
0.3587
03731
0+5479
05519
0. 7829
0.2269
02149
0.2132
0.2127
0.2158
0.2002
0.2008
0.2421
0.2554
0.2926
0.3324
0.2181
02265
0.2313
0.2237
0.5484
03795
0. 7332
0. 7823
0.2995
0.23861

‘000057
-0.0222
-0.3001

-0.0368 "
~0.0006 7

FITTED
0-0712*
0-0246*
0.1792
00440
01360
0.0498
¥%*
9

0.0364

JPRs
% ¢

0.0301

L

0.0135 7%
0.1356
0.0985
0+1653 %
0.2368
03561
0+5363
Qe 7454
0.2328
0.2532
0377
03862
0+ 5635
0.5596
0. 7834
0.2481
0.2303
0.2261
0.2206
0.2142
0.2062
0.2251
0.2530
0+2630
0.2903
0+3168
0.2380
0-2416
0.2436
0.2297
0+ 5496
0+3701
D« 7557
0+ 7953
02006
0.2481




= R=1851

TABLE A-27 (cont' d)

MEASURED AND FITTED YAW MOMENT
BETA=20+DEG

RUN CV W PHI THETA PSI ZT MEASURED FITTED
245 4.91 123 5«0 3.00 =20-0 «056 0. 6887 0. 6726
246 1+74 <044 -15.0 6.00 0.0 155 0+1059 0.1188,
247 3.90 098 -10.0 2.00 =20+0 <111 0. 5305 0+ 4593
D48 4.96 124 5.0 2400 =5.0 «059 0.5583 0.+ 5531
250 3.99 100 ~5.0 600 =20.0 +« 058 0+ 4640 0.4763
052 605 151 -10.0 3400 S.0 «105 0. 7206 0. 6883
254 3.98 <099 -20+0 4+00 =5.0 «104 0.4322 0+ 4303
255 2.99 +075 -10.0 3.00 =100 «136 0.2593 0.2739
256 2+97 <074 -5.0 3.00 -5.0 «079 0.2348 0.2470
259 5.02 125 -20.0 4.00 5.0 +135 0. 4447 0. 4368
261 300 4075 -5.0 2+.00 =100 «067 0.2400 0.2393
2¢2 4-01 100 ~S5.0 6+00 =150 +059 0.4494 0.4465
pe3 2.10 053 =150 2.00 =20+0 «055 0+1565 01530
064 6006 152 5.0 3.00 =-20.0 052 0.9983 10048

265 609 152 =150 200 =150 027 0.8190 0.8213
, 266 4+00 100 -10.0 5.00 =20-0 <086 0« 6035 0.5946
; 267 4+93 123 -15.0 2.00 =200 «Q 63 0. 7240 0. 6988

, 068 2.98 074 -5.0 3.00 -5.0 «078 0.2337 0.2471

¥ 569 203 +051 =150 4.00 =15+0 «069 0+1563 0+1920

: 270 5497 149 -5.0 S.00 5.0 «095 0.8881 0. 73236

E 571 4s95 <124 =10.0 2.00 -10.0 «056 0+570 0« 5513

! 572 5493 148 0.0 3.00 5.0 067 0.8201 0« 7916
273 5.00 <125 -5.0 2.00 5.0 «069 0. 49 79 0+ 4915
574 595 149 -5.0 300 0.0 «099 0. 7584 O« 7593
575 4.97 +124 =200 S.00 5.0 « 040 0.a4817 0.5415
076 5.98 150 =25.0 5.00 -5.0 .031 0.9015 0«8 629
078 5.62 140 5.0 6+00 =150 104 1.0839 1+0616 P
079 2.75 069 -5.0 3.00 -5 «093 0.2094 0.2258
5RO 3+69 092 -15.0 S.00 Se «021 0+.3056 0+3269
og2 4.09 102 =200 4.00 =10

1
283 4.92 123 -10.0 2.00 =15+
o84 2.06 <052 -20.0 3.00 Se

«0 66 0. 6063 0. 6105 1

0
0
0 +083 0.5139 0«50
0
o) 062 0.1179 0+1115
0

o85S A.84 «121 -25.0 500 =15 «025 0. 6552 0. 6578

312 226 «08BS 0.0 3.00 0.0 «095 0.1900 0.2085

313 3.20 « 120 0.0 3.00 0.0 +0B4 0.3403 0.3447

314 4+29 «161 0.0 3.00 0.0 « 055 0. 5886 05733

3195 Se24 «196 0.0 3.00 C.0 « 046 08540 0.8487 .
316 6014 «230 0.0 3.00 0.0 «031 11458 11760 ;
317 312 117 0.0 3.00 0.0 «063 0.3225 0.3228 :
318 3.01 «113 0.0 3.00 0.0 «125 0.3095 0.3214 ;
320 4el 6 156 0.0 3.00 0.0 «125 0. 5661 0.5710

321 4.05 «152 0.0 3.00 G0 «125 0« 5515 Qe 5447

324 4.99 «187 0.0 3.00 0.0 « 129 0.8143 0+8185

4995  4.99 «187 0.0 3.00 0.0 «152 08226 0.8260

326 3.01 «113 5.0 3.00 0.0 «078 NDe3111 0.3187 ;
327 3.01 «113 -5.0 3.00 0.0 .081 0.3003 03055 ;
328 299 «112 =10.0 3.00 0.0 «071 0.2948 0.2947

329 3.01 «113 =15.0 3.00 0.0 « 051 02995 0.2923 ;
330 3.02 «113 -20.0 3.00 0.0 «044 0+3074 0.2925 !
331 2.99 e112 =27+5 3.00 0.0 «021 02958 0.2852 Co




u_j= R=1851
:

TABLE A-27 (cont'd)

! MEASURED AND FITTED YAW MGMENT
| BETA=20.DEG

k
P RUN €V W PHI THETA PS1 ZT  MEASURED FITTED
. 332 2.95 111 0.0 3.00 5.0 « 041 0+2919 0.2834
. 333 3.05 <114 0.0 3.00 -5.0 «092 043336  0.3381
334 2.81 106 0+0 3.00 =10.0 +097 043066 0.3150
: 335 2.81 +105 0.0 3+.00 =15.0 +098 03284 0.3320
' 336 2.83 106 0+0 3.00 =20.0 «068 0.3355 0.3284
’ 337 2.87 «107 0.0 2.00 0.0 «105 0.2791 0.2882
: 338 2.90 109 0+0 4.00 0.0 «078 0+2899  0.2930
341 3.06 +115 0.0 5.00 0.0 +081 0+3252 0.32C2
346 190 +071 =20.0 4.00 5¢0 136 0+1213 01289
347 4+.06 152 =5.0 3.00 -5.0 +0B6 0+5615 045585
348  4.97 <186 5S¢0 4.00 =~20.0 .CB6 1.0923 1.0906
349 4499 187 ~15.0 4.00 5.0 175 0.8165 0+7190
350 3.0t 113  =5.0 3.00 =5.0 +087 0.3221 0. 3251
352 5.94 223 0+0 2.00 =5.0 « 040 10956 1.0806
353 4¢99 187 =20.0 5.00 0.0 «072  0.8760 0.8423
355 5.00 187 =20.0 5.00 0.0 +079 0.8818  0.8480
359 4+.00 +150 =25.0 5.00 S« 0 +098 044452  0.4617,
360 4.00 +150 0.0 4.00 50 209  0.6036  0.5201
361 5¢99 4225 <=25.0 500 =-20.0 =+011 1.0619 1.2013 7
362 4401 +150 =i5%0 6400 0.0 016 004990 05118
363 4.04 152 50 4+.00 =10.0 «192 0. 6229 0« 7006 °
364 4.03 +151 -5.0 3.00 0.0 «129  0.+5441) 05279
365 2¢97 111 -5.0 3.00 -5.0 +091 0+3106 043190
366 4497 «1B7 =100 6+.00 =-20.0 +755 0.8791 1.0003 "
370 5452 <207 =50 3.00 =20.0 +090 1+ 4952 1.3388
371 5.02 188 S«0 3.00 0.0 «+069 0+8082 0.8047
372 2+99 <112 S«e0 2.00 -20.0 «094 043374 03629
373 1+97 «074 =200 6400 -5.0 «187 01831 0+ 1844
374 2.92 +109 =20.0 6.00 =5.0 «iN5  0+3663 0+3463
376 5.00 <187 =5.0 2.00 0.0 <0 07756 0. 7585
378 4.02 151 0+0 6+:00 =20.0 «126 0.8677 0+8636
379 6.01 225 =20.0 2.00 0.0 +004 1.0799 1.0752
3B0 4497 +187 =20.0 2.00 =50 «+082 0.7625 0. 7983
381 2499 112  -5.0 3.00 -5.0 «082 0.+3216 03181
384 5.95 .223 =10.0 3.00 5.0 v 094 1.0498 10653 !
3R6 4.85 +182 =-15.0 3.00 -5 0 +092  0+8105 0.8109 :
387 5412 4192  =5.0 3.00 -5.0 <114  0.910R8 0.9127
390 6+10 229 5.0 500 =15.0 « 089 1.5533 145919 ;
295 4423 <158 =100 6:00 =5.0 <038 0.5652 0«5752 3
396 3«19 119 =-27.5 4.00 0.0 128 03179 0+3385 ¢
397 3415 <118 =50 4.00 =15.0 .+097 0.4288 D+ 4314
398 4410 +154 -5.0 5.00 5.0 +137 05160 0«5168
399 3.07 115 -5.0 3.00 =540 <061 03252  0.3215 ;
402 6.06 +227 =10.0 2.00 S+ 0 «040 1.0797 1.0987 1
403 3«11 +117 =10.0 5.00 =10.0 + 151 0.+ 4651 0+4437 }
404 2493 +112 =15.0 6.00 =-10+0 +135 0+4615 04240 §
405 A+.04 +151 =20+.0 5.00 -10.0 +090 0.7272 046930 ;
702 2.99 224 0.0 3.00 00 +093 0+5793 0.5793 :
703 1.98 +149 0.0 3.00 0.0 «123  0.2748 0.2673 ;




; RUN
‘ 704
705
; 706
5. 707
709
: 710
L 711
¥ 712
2 713
714
715
716
717
718
719
720
723
722
723
724
726
; 728
730
731
732
733
735
736
737
738
741
743
T44
746
747
749
750
751
752
754
755
757
758
759
760
761
763
764
765
766

Cv
2¢ 49
3.01
299
299
3.01
3.01
301
3.00
300
300
301
300
3.0
301
3.01
3«01
3.02
3+00
3.01
253
2. 53
2.99
2¢995
1495
2+ 49
3.00
].97
3.00
3.00
1+99
248
2453
2.04
301
3.0}
3.07
2.57
257
2e07
200
2414
2.5
24 5)
2451
3.00
3.00
2451
2+99
2+99
2.02
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TABLE A-27 (cont'd)

MEASURED AND FITTED YAW MBMENT

\V]

N

v
o000

*ReRoNaNoNeNoRoRe)

® &4 o o o & o o

o

0o

N
]

g N

N \V}

A o

'
QUUUuOO0O0O0oO0D

[ReReNeNeNe)

Ny —
A0 JEes]
(VRN
[
1o
(O3RN
a o
Q

+ ) 48 “2745

BETA=20.DEG

THETA
3.00
3.00
3+ 00
3:00
3.00
3.00
3.00
300
3.00
3.00
3.00
3.00

- 300

3.00
3+ 00
200
4«00
5«00
6« 00
6+ 00
8«00
3.0L
6+ 00
5«00
3«00
3.00
3«00
3«00
6«00
3.00
300
800
300
5.00
300
600
5.00
6.00
3«00
6+ 00
3.00
8.00
6¢ 0G0
6.00
3.00
5.00
7«00
500
5.00
5.00

ZT
« 103
«071
«115
.176
« 085S
«091
«076
.057
+ 028

006
+ 088
+« 099
+ 099
+ 103
« 104
+ 090
=100
« 094
+ 089
08 4
«256
«165
267
« 249
«010
«100
«079
«094
1 41
« 137
«132
«273
«092
« 242
«08 6
«166
«129
067
<018
«257
«120
+ 339
+06
+ 280
+09 4
«257
+ 301
+103
+183
.372

MEASURED
0e41 64
0:5778
05905
0« 6057
0.5902
05842
05723
0+ 5630
05626
05736
05606
0.6084
0. 6339
O« 6640
0. 7088
0. 5862
0. 6067
0+ 6020
C. 6037
0+ 4982
0+4723
0« 6016
0+ 6226
0.2982
0. 4080
0+« 6065
0.2816
05629
0. 7921
0.3060
0.4215
06 5742
0.3032
G. 7352
05973
0. 7332
Oe 4463
O« 4221
02744
0.2863
0.2811
0. 7416
0 4431
0. 5531
0« 6094
O« 6409
O« 4649
0. 628 7
O« 701 4
0.2068

FITTED
0+ 4004
0+5734
0+5927
06056
0+5906
0+5873
0« 5806
05734
0« 5681
0+5794
045499
0.6076
O+ 6303
0+« 6557
0+ 6836
0+5767
0. 6023
0.5913
0. 5858
0.4822
0.5956"
0. 18
0. 6521
0.2795
0+3995
0« 6105
0.3035
0+5618
0+8069
0.2817
04196,
O+ 6442 "
0.2859
0. 7591
O+ 6048
O+ 7435
D+4537
0.3952
0+2740
0+3299
0.2765
0¢5706 "
044517
0+5181%
O+« 6049
0+ 6500
0+4405
O+ 6295
0+ 7701
0+3409
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TABLE A-27 (cont'd)

4 MEASURED AND FITTED YAW M@MENT
s BETA=20.DEG
o RUN cv W PHI THETA PSI ZT MEASURED FITTED
F o 769 2-51 .1B8 -10.0 B8.00 =-15.0 .234 0.5913 0.6166
g 771 3.00 225 =10.0 2.00 5.0 107 0« 5744 0+ 5477
. 772 3400 +225 =25.0 5.00 =-10.0 «151 0« 7550 0. 7921
; 773 2.98 .224 -5.0 3.00 -5.0 «103 0+ 5959 0+ 6014
I T74 2042 186 =100 4+00 0.0 +251 O« 4454 0. 4123
; T7S 2498 +4224 =10.0 6+00 ~5¢0 «176 O+ 6982 0. 7049
. 777 2.49 .187 S¢e0 8400 =-10.0 «330 Q0+ 5949 0. 5922
- 780 2497 223 =-25.0 6.00 -5.0 212 0. 7389 0. 7222
] 781 2448 186 =25.0 5.00 =20.0 104 O+ 6147 0. 6081
4 MEAN ERROR= 0.0012
: STANDARD DEVIATION= 0.021 6
3
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APPENDIX B

The measured dimensionless hydrodynamic forces and moments acting on
the three prismatic hulls used in this study are listed in Appendix A in
the balance coordinates shown in Figure 1. To obtain corresponding re=-

sults in hull fixed coordinates, the following transformation is used for

the force components:

XA Xé - cos® C ~sind
Yﬁ = C|Yg ,2where C = | singsin® cosep s inpcos® (B=-1)
ZA [ Zé cosysin®  =singy cospcosh

in which subscript '"H'' denotes hull fixed coordinates, subscript ''S' de-
notes balance coordinates, and ¢ and 6 are the pitch and roll angles,
respectively. |If (x&s,yas,zés) are the dimensionless coordinates of the

balance axes origin in hull coordinates, the corresponding transformation
of moments is given by

K Ks YsZh = Zrs'H
My = Sl M| * | “re®n = *RsZH (8-2)
M N %Rs"H ~ YRs*H |
where
xas = -gé + Cgsind
yés = -(Qé + ggcose)sin¢
zés = =Cp-(Cp + gécose)cosw

For the balance setup used in these tests, and taking the hull fixed co~

ordinate origin at the transom-keel intersection,

§é = 1.333 Cé = 1,042 C; = 0,25 gé = 0,125

which are shown in Figure 1|,

B
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R=1851

The hydrodynamic forces and moments for symmetric and nonsymmetric
steady planing were assumed to be functions of the following dimensionles

trajectory variables:

u' = surge velocity in hull fixed coordinates,

v'! = sideslip velocity in hull fixed coordinates,
w!' = turning rate in earth fixed coordinates,

¢ = roll angle,

@ = pitch angle, and

z+ = draft at transom-keel intersection,

The trajectory variables used in the tests and listed in Appendix A were:

CV = planing speed coefficient,
w' = turning rate in earth fixed coordinates,
¢ = roll angle,

8 = pitch angle,
B = sideslip angle, and

z+ = draft at transom-=keel intersection,

To obtain z+ from the measured vertical translation gé of the free~

to-heave apparatus, the following transformation was used:
z+ = Cé - gé sind = g&(l-cos¢cose) -g;(l-cose) (B=3)

The relationship between the curve fitting variables and the test variables

is given by
! = «w'sind
q' = w'singcosd (B=4)
r! = w'cosepcosd
1 = R B B
u Cvcosecosﬁ + Zps Yrs"
| = : - Y I B |
v Cv(sinmsnnecosﬁ cospsinB) + Xpsh ZpeP

where cV is simply the dimensionless carriage speed in the straight

course tests while for the circular course tests

Cv = R'w'

B2
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where R' is the dimensionless turning radius to the balance center.

The fitting functions were cbtained by using a Taylor Series Expan-
sion about a chosen refeircnce point, in the trajectory variable space
(u',v',m',¢,6,z+). In general, a Taylor Series Expansion of a scalar
valued function f in an n-dimensional space (xi;i=l,2,...,n) about a

given point (xi=§i; i=1,2,...,n) is given by
. 1o 2 Y .
f(xi:~=l,2,...,n)=j§0 ﬁ[gxk-gk)gg—;] F(g;5 i=1,2,...,m)  (B-5)

This expansion was truncated at third order terms. |In addition, the

centerline plane was assumed to be a plane of symmetry so that X!, Z! and

$' S
Mé contained only even order combinations of (v',w',p) while Yé. Ké and
Né contained only odd order combinations. The expansion point was
arbitrarily chosen as
(CV:‘”',¢,9’5»2+) = (L”O)013,0’0°l) (8-6)

or
(l.J',VI ,w' ,(P,e,z-i-): (3-99’45’0’0)0!3’0°])

The resulting families of fitting functions are listed in tables B~-1 and

- 19t Ml 1ot N
B-2 for XS,ZS,MS and YS’KS’NS

In the circular course tests, the forces and moments at the balance

, respectively.

were effected by the centrifugal force acting on the portion of the ap=-
paracus below the balance, in addition to the hydrodynamic forces acting
on the model. This centrifugal force contribution was accounted for by
including one additional term in the fitting functions, defined as the
corresponding component due to centrifugal force on the apparatus. These

functions are given by

Xé : fhs = -ZCAam'v'

Yé PGy, = ZCAaw'u'/cose

Zé : fhs = 0 (B=7)
Ké PGy, = -22;CAaw'u'/cose

Mé : th = -Zz;CAaw'v'

Né TV ZxQCAaw'u'/cose

B3
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where cAa,x;,z; are the load coefficient and center of gravity loca-
tion in balance coordinates, of the portion of apparatus below the balance

center. These weights and dimensions were found to be

By Caa Xa z,

10° 1.221 0.32 0.827
15 1.252 0.32 0.827
20 1.289 0.307 0.813

where half the balance has been included and the change in CG location with
roll and pitch angles was neglected. It is seen that the centrifugal force
on the apparatus affects only the term j=33 in the fitting functions for

Xé and Mé so that these coefficients must be corrected by

By33 = B33 = (Byys = 1)2C,,

(8-8)
Buzs = B3z = (Byus = 11220y,
where the prime denotes coefficients determined in the least squared fit
while the unprimed B's are final values corrected for centrifugal force
effeccts, For the case of Yé, Ké and N}, the functional dependence of the
centrifugal force effects above, was expanded in a Taylor Series expansion
about the same expansion point as given in Eq.(B=6) and the corrections

to the varicus fitting function coefficients were found to be

= n! ' < 1Yo !
Byag = Byge * (Byyy = 1)2C,,u5/cosé,

BY27 = B¢27 + (B¢u2 - I)ZCAa/cose°
Byag = Byag + (Byy, = 1)2C, ulsing /cos®e (8=9)
By3p = 8;32 + (B{m2 - l)ZCAasineo/cosaeo

By = Byyy + (Byy, = D2C,ul() + sinaeo)/2cosae
where ué and eo are values of u' and 6 at the expansion point,

The corresponding corrections for Kg and Né are obtained by multiply-

ing the Yé correction by -z; and x;, respectively.

BUY
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i | TABLE B-1
. FITTING FUNCTIONS FOR
P LONGITUDINAL AND VERTICAL FORCES AND PiTCH MOMENT
d j fJ.(u',v',u)' ,:p,e,z_;_) 3 fj(u',v',m',cp,e,z.;.)
: 1 ! 23 [
' 2 (v 24 v'®
3 3 25 v'e
b 3 26 T?
; 5 w 27 Zv'?
; 6 iF 28 Bv?
7 ;] 29 Zvle
8 72 30 By'y
9 79 3 3¢?
10 B 32 Bep?
11 v'3 33 vig! ’
12 v'e 34 w'?
13 ¢° 35 pw'
14 ul 36 tviw!
15 2 37 tw'
16 Vel 38 Tepw! |
17 TPe 39 Ty ]
PR o Bva
19 R 41 Fp'2 o
20 FAS L2 Bw'? >
21 2% 43 Fepw! ;
22 580 Ll B! o
L
where g j
U= u' ~ 3.9945 i
f = z.;. - 0.1
8=0-3 1
L]
. It
{

4]
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| TABLE B=-2

FITTING FUNCTIONS FOR
SIDE FORCE AND ROLL AND YAW

J gJ-(U'.V',w',cp,e,z.'r) j
1 ] 21
2 v! 22
3 ¢ 23
L tv! 24
5 uep 25
6 Zv! 26
7 Bv! 27
8 Ze 28
9 B 29
19 ev! 30
11 VRd™) 31
12 uzv! 32
13 Tev! 33
T e 34
15 UBep 35
16 v 36
17 v 37
18 Z2v! 38
19 Zov! 39
20 v'g? 4o

4

B6
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gj(u Vo ,W »(Pvetz-r)

)
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APPENDIX C

COEFFICIENTS OF LEAST SQUARED FITS

The empirical coefficients for the fitting functions described in
Appendix B were evaluated by the least squared error technique for the
forces and moments tabulated in Appendix A. The approach used in apply-
ing the least squares technique is described in the main text of this
report. The data points not used in the final step of this approach are

marked with an asterisk in the listings in Appendix A.

Also, in applying the least squares technique it was found that using
all terms (45 for X!, Mé and 42 for Yé,KgNg) led to ill~conditioned matrices
due to the close correlation between the centrifugal force term and term 33
in Xé and Mé and term 27 in Yg, Ké and Né. Consequently, these two coef=~
ficients were set equal to zero and deleted from the fitting procedure. The
resulting coefficients were then corrected for centrifugal force effects as
described in Appendix B. The final, corrected values of the ccuefficients
are listed in Tables C=1 through C-6.

Using the fitting functions fj and gj listed in Tables B=1 and B-2,
the dimensionless hydrodynamic forces and moments acting on the hull, rela=-
tive to balance coordinates are given by

Ly 41
X{ =2 B,.f, ! =2 B,.g,
S o) X' s ji’, °ki%)
h Ly
Yi =2 B, ' =2 -
s 72 P s = 2 B (c-1)
Ll 41
20 =2 B, f, Ne =2 B .9
S j=1 Zj j S j= N7 j
cl
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- TABLE C-|

[

. COEFFICIENTS FOR ALL TERM FIT

RETA = 10
. J X 4 M
| -+ 1300E+00 -+ 6040E+00 - +2350E+00

) 2 -+ 6230E-01 -« 2240E+00 -+1120E+00

L 3 ~+1470E+01 -« 7390E+01 « 3420E+01

: 4 +9530E-02 -« 6230E-01 ~+2120E+00

, S =+9100E-02 « 7530E=-02 -+2570F-01

’ 6 =« 6B20E+00 -+ 1800E+01 -+ 7830E-01

' 7 +2760E-02  -.3B60E-01  =-+7770E-01

i 8 -+« 1070E+01 ¢ 4290E+01 « 5240E+02

k 9 .1 620E+00 «6640E-01  =+2830E+01

4 10 -+ 1030E~-01 =+ 2910E-01 -+]1 460E~-02

3 11 -.9290E-02  =-.3820E-01 -+2730E-01

' 12 + 4580E-04 «2640E-01 +1150E-01
13 -+.2230E-03 -+1090E-02 «1080E-03
14 ¢ 1140E-03 «1260E~01 +B480E-03

E 15 -+ 6540E-01 +8410E-01 =+ 4T710E+00
16 « 7350E-04 -+1730E-02 -+1870E-02
17 «1850E+01 «2080E+02 «1380E+02
18 « 2 440E-01 ~«2890E+00 -« 6830E+00
19 -+9480E~-03 -« 2260E~02 . 5910E-03 ]
20 +1320E+02 « 4590E+02 ~+ 6650E+02 _
21 « 7T030E+00 +9060E+01 +1800E+01 :
22 -+ 4730E~01 ~+2110E+00 «1810E+00 i}
23 «1550E~02 ¢ 2440E-02 +8550E-03 .
24 +8340E-03 -+3990E-01 -+ 5700E-01
25 -+« 6540E-03 -~ 3650E~02 ~+.2140E-02
26 =+1830E-03 -+ 1000E-02 -+3640E-03
27 +2020E-01 -+ 3620E+00 -+ 1410E+00 i
28 ~+«1250E-02 « 4260E-02 -«9770E~02 ;
29 « 7800E=-03 «2360E+00 « 6320E-01 :
30 « 7520E-03 ¢ 6210E-02 « 51 70E-02
31 -+ 6310E-03 « 7340E-03 «1470E-01 1
32 -+8290E~05 ~.1310E-03 ~+3520E-04 f
a3 -+ 2308E+00 +5190E-01 -+2571E+00 .
34  -.4270E+00 -+ 3620E+01 -+1170E+01 o
35 «1970E-01 « 4260E-01 + 4910E-01 P
36 «2060E-01 «3270E+00 ¢+ 6510E+00
37 -+ 7580E+00 -+ 4030E+01 -+ 1800E+01 :
38 « 4000E-02 +3020F-02 «4370E-01
39 -« 1180E+01 -+ 1900E+01 -+ 1150E+01 o
40 «3020E-01 «2920E+00 « 1 320E+00 .
41 ~ e 6420E-01 -.2230E+02  -.3740F+01 o
42 +1620E=01 -+ 4620E+00  -+1830E+00 L1
43 + 6720E-01 «2640E-01 « 4080E+00 b
44 -+S5050E-02 =+ 4030E-01 +1320E-01 !

c2
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13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

e’

29
30
31

32
33
34
35
36
37
38
39
40
41

COEFFICIENTS FOR ALL TERM

Y
+0000E+00
=«2270E+00
« 6310E-02
-« 6T40E-01
+2950E-02
-+ 3770E+01
« 1 4T70E-01
+8920E-01
+9900E-03
« T8T0E~-04
= +3600E-03
-« 3370E+00
-+]1030K-02
«3360FE-01
«1120FK~-04
« QU OE-0OR
=e22501-04
-« 1490E+02
< 1890E+00
-+« 5920E-03
~«38690E-03
+1300E+00
-« 2R 40E-02
«2560E-04
=« 1780F-03
«9080E+00Q
«3390E+00
« 4710F+01
+ 5910E-01
«3810E-01
« 2330E+01
« 4930E-01
-« 2360E+00
+9100E+00
+3720E-02
-+ 2770E+01
-+« 1520E-01
«3310E+02
-+ 1550E+00
«97T60E~-03
¢« 6920E+00

R=1851

TABLE C=-2

BETA = 10

K
+0000E+0Q0
« 1 420E+00
-+ 1600E-01

«S910E-01
=+ 6370E-02

«3230E+01
-+ 1270E-01
-+ 1090E+00
=+ 5460F~02
-+ 61 40E-02
-+ 5560E~-03

«9760E+00
-« 4360E-024
-« 5€60E-01
=« 1700K-02
e 20¢E0KE-02
=+« 1320K=-02

« 1390E+02
=+ 9260101

«1040E-Q2
-+« 1550E-02

+3210E+00
-+ 32C0E~-01
-+8630E-05

+B8770E-03
=+« T400E+00
-« 2220E+00
=+ 3440E+01

«3400E~02
-« 5550E-01
=« 2360E+01
=« 5430E-01

«2750E+00
-«8940E+00

+3120E-02

« 4520E+01
~+2B40E-01
~«1660E+02
-« 1600E+00
~+1340E~-02
=« 4520E+00

FIT

N
+0000E+00
+B630E-03
+3660E-01

~+1660E-02
« 6810E+00
«2240E-01
~+1270E-02
«2750E-02
-+ 4100E-03
+ 7T100E+00
+8130E-02
-+ 1330E-01
e RUENK=03
+ 4190F~02
“e2170L-04
+«3750F+00
*+ 50 70E+00
-« 3470E~-04
-+ 4200E-02
+1140E+00
-+3120E~02
+1140E~05
+3750F~-03
-« 4900E~-01
+« 69S0E~01
-+8080E-01
-+ 1320E-01
-+ 5930E~02
~e1 4T0E+01
-« 1 620E~01
+1210E+00
=+2140E+00
-+8030E-02
+» 51 70E+01
-«3850E-02
-+ 1 420E+02
-+ 4100E+00
s 4430E-03
+ 1 430E+00




TABLE C-3

COEFFICIENTS FOR ALL TERM FIT

} R=1851
N
i .
;
5

BETA = 15.
¢ J X 7 M
‘ 1 -+ 1200E+00 =~ 4TANE+Q0 - DRYOE+ N0
4 o~ e Hau0E =0 -+1930r+00 =« 5790L-01
3 -+ 1380F+01 - 75208 +01 ¢ 4820E+00
4 « 1 7P0E=01 -+« 4700E-01 -+ 1000E+00
5 -« 1210F~-01 «3530E-02 - 4540E-02
: 6 -+ 6420E+00 -«17P0E+01 « 6920E+00
; 7 «4640FE-02 -«2910E=-01 -1 600F-01
g g -+« 9530E+00 « S0 60E+01 « 5S200E+02
9 «1520E+00 «1 440E+00 -+ 1400E+01
4 10 -« 7800E-02 -.2730E-01 - «3420E-02
] 11 -« 1330E-01 « 4520FE-01 -+«3860E-01
i 12 -.3640E-03 «2890E-01 «1020E-01
; 13 -.1560E-03 -«4370E-03 -+89T70E-04
3 14 -+ 5070E-03 «1150E=-01 -+« 7940E-03
i 15 -« T660E-01 «1540E+00 ¢ 1 490E+00
16 «8650E-03 «9320E-02 «1060E-01
, 17 -.2830E+00 « T88OE+01 «1520E+02
j 18 «3660F-01 -.7970E-01 -.3070E+00
' 19 -.8710E-03 «3550E-02  -.3720E-02
20 -+« 1590E+01 +9550E-01 -+2760E+02
21 « 2880E+00 «3710E+01 -~ «8320E-01
20 -« 3480E-01 -+ 1470E+00 «6120E-03
23 «9860E-03 «5990E-02 -+ 5290E-04 R
24 « 4190E-02  ~-.3000E-01 -+ 4680E-0] v
25 -+1060E-03 -+3100E-02 -+2190E-02 25
26 -+ 8600E-04 «3420E-03 -+.3080E-03 P
27 « 1870E-02 « 6100E+00 «1150E-01 Yoo
28 +«3710E-02 -+«1330E+00 B 6EOE-02 2
29 » 4340E-02 2 440E+00 +1150E+00 "
30 « 5490E-03 -+1930E-02 -« 4520E-03 1
31 -+1040E~-03 + 68BOE-02 «1120E-01
32 -+ 7930E-05 -+«1470E-03 -+.2080E-03 .l
33 -+« 1072E+00 -+ 48 40E+00 «1292E+00 )
34 -« 4320E-01 -.2780E+01 -« 5460E+00 b
35 «+8250E-02 + 6070E-02 -+3920E-02 ;
36 -+1380E-01 ~« 4330E-01 «2970E+00
37 -+3920E+00 -+1180E+01 -+2130E+01
38 «1370E-02 +2030E-~02 +1850E-01
39 -+3190E+00 +1S10E+01 +1080E+02
40 -+ 1540E-01 -+2510E+00 -«1140E+00
41 -+ 3660E+01 ~+2210E+02 « 6990E+01
42 -+ 1200E+00 « 3340E+00 -+ 5490E+00 oo
43 -+ 6390E-01 ~+1170E+00 -+ 9340E-01 s
44 . 8380E-03 «2100E-03 «1860FE-01 i

cl A
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TAGLE C=4

COEFFICIENTS FOR ALL TERM FIT

BETA = 15.

J Y K N

1 < 0000E+00 «0000E+00 «0000E+00

2  -.2720E+00 «2190E+00 +5830E-01

3 «3430E-02  -+1020E-01 «2190E-02

4  =+5190E-01 « 4340E-01 +2130E-01

5 «2560E-02 -.5260E-02 =-.4120E-03

6 ~+«3830E+01 «2640E+01 « 6800E+00

7 « 4920E-01 - +2740E-01 « 4890E-02

8 « 6120E-01 -« 1200E+00 «3070E-01

9 «8420E-03  -+Z300E-02 -.1290E-02

10 «5560E-02  =+.2060E-01 «2720E-02

11 «1120E-03  =-.7200E-03 <20 70E-03

12 =-.5640E+00 « 38 40E+CO +2560E+00

13 «5580E-02 -.1870E-01 -+ 5400E-02

14 «2130E-01 -.2880E-01 -« 4510E-03

15 «6950E-03  =«1450E-02 ~-+1290E-03

16 «4260E-02  -.1160E-01 -« 5240E-02

17 -+2040E-02 « 1540E-02 «1740E-02

18  =.2060E+01 -+«2590E+00 -+ 6000E+01

19 «28B0E+00 -+1180E+00 «2150E+00
20 -+5680E-03 «8130E-03 «3050E-03 i
21 -.8940E-02 . 2430E-02 « 43B0E-02 .
22  -.8700E-01 . 2370E+00 «31 40E+00 N
23 «1030E-01 -«1010E-01 -+1320E-01 =
24 «7S00E-05  -+6290E-05 -.4780E-05 ‘
25 «2230E-03 ~«1470E-03 -+3270E-04 3
26 «1018E+01 -+ 6630E+00 -+5970E+00 3
27 «2520E+00 ~+«3500E-01 «3400E-01 ;
o8 « 4550E+01 -+ 2750E+01 «1240E+01 3
29  -.2450E-01 « 1260E+00 «8100E-01 :
30 «3320E-01 « 31 40E-01 «1570E-01
31 «1230E+01 « 79 40E-01 « 4930E+00 g
32 «3840E-01 « 6420E-01 «3220E-01
33 ~«2900E+00 «2720E+00 «1440E+00 !
34 « 1 420E+01 -+« 1280E+01 «8420E~-01

35 «2390E-01 -+ 2850E-01 -«1280E-01

36  =+5140E+01 «B090E+01 « 71020E+01

37 -+.3960E-02 « 1350E-01 - +2050E-01 A
38 +9250E+01 + 1 580E+02 «9850E+01 ~
39  =.6880E+00 « 3650E+00 «1060E+00 ]
40 «1410E-03 +1470E-03 -.3080E-03 )
41 +5250E+00 -« 7780E-01 « 4510E-01 :
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TABLE C-5

COEFFICIENTS FOR ALL TERM FIT

X

-+« 1090E+00
-+ 4590E~-01
=+ 480E+01
+2310E-01
-+«1180E-01
-«B080E+00
« 71290E-02
+ 6740E+00
+2210E+00
«9780E-02
+2830E-02
+1210E-02
+1290E-03
«4310E=-02
« 7520E=-01
«1620%-02
+ 7330E-01
+8500F-01
+2200E-02
-« 4460E+01
+ S2T0E+00
+3860E-01
+ 9280E-03
+2620E-02
«3270E-04
 £260E=-04
+9130E-02
+ 3420E-02
+ 7T630F~-02
«4600E-04
+1580E~0QS
+« S850E-0S
«2425E+400
« 2420E+00
» 4070E~-03
«3410E-01
« THOOE+00
» T480E-03
« 228B0E+00
« 7230E-01
« SO10E+01
« 1T370E-01
=+« 4790E-01
+1510E-02

T e s D i i et A

BETA = 20.

A
-+3130E+00
~+9330E-01
-+ 6390E+01
“«2070E-01
-+«1640E-02
-«2150E+01
-« 2270E-01
-+« 5250E+01

+3250E+00
-+ 2610E-01
+«3770E-01
+2220E-01
~+3350E-03
+ 1350E-02
-+3110E+00
+2710E~-02
=+ 75%90E-01
=+ 4790E-01
-« 4110E-03
«5590E+01
*« 19 40E+01
-+ 1960E+00
+ 5S360E-02
=+ 4130E-01
-+«1940E-02
-« 2830E-03
«1440E+01
-+ 3580E-01
+ 2250E+00
~+9970E~-03
+2110E-02
~«1330KE-03
~+ 5340E+00
~+2390E+01
+1670E-01
+1190E+00
-« 40 60E+01
~«1250£-01
-+ B250E+01
«2950E+00
-«2250E+02
-« 2580E+00
-« 3200E+00
-+ 4020E-02

c6

M
+2640E+00
¢ 6270E-01
+ 1330E+01
+ 6100K-01
+» S840E-02
+9720E-01
+3150E-01
» 4000E+02
+ 70 60E+00
+1950E-01
+3040E-01
+8920E-04
«3410E-02
+1060E-01
+3830E-02
8 600E+01
«2320E-01
+8320E-03
+3050E+02
*+9400E+00
+» 6790E-01
«4780E-02
«5710E-01
« 5290E-03
+1400E-03
«2060E+00
»1120E-01
+2200E~-02
« 1300E~02
+1{050E-03
+1610E+00
¢« 1240E+01
«1750E-01
+1750E-01
+2080E+01
+ 6950E-02
+3950E+01
«+2680E+0Q0
« 4390E+01
-+ 5180E+00
~«1370E+00

+ 1300E-01
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345
37
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39
40
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TABLE C-6

BETA = 20.

Y
«0000E+00
-+ 2820E+00
+1280E-02
-« 6530E-01
«2000E-02
-+ 4550E+01
+ 4110E~01
+5970E-01
« 6480E-03
+ 4580E-02
-« ]1860E~04
-+8580E+00
+8000E~-02
« 5640E~02
+ 6170E~-03
~2924CE-02
-+1040E-02
-+«1080E+01
«2350E+00
-+ 4560E-03
-«8350E-02
-+ 5080E~01
+2690E-02
«1060E-04
+ 1 660E-03
¢« 3180E+00
+3380E-01
¢+ 5560E+01
=+ 1020E+00
-1370E-01
« T440E-02
~«1120E~-01
~+«3240E+00
« 1800FE+01
«1210E~01
~«7160E+01
+« S600E~01
~+9380E+01
~+8T710E+00
+1470E-02
«1030E+00

K
+0000E+00
«2220E+00
-+ 6980E-02

« 3980E-01
-+ 3180E-02
« 4030E+01
¢ 4290E-01
«1040E+00
«2530E-02
+1900E-01
+» 58 40E-C3
+ STE0E+0O0
« 1300E-01
¢+ 1890E-01
«1960E-02
¢« 4890E~01
+ 5S800E-02
« 1840E+01
« 473CE+00
«8180E-N3
+ S830E-02
+ 2080E+00
s 13%CE-02
«1820E-05
-+ 1T740E-03

+ 3060E+00

+ 1340E+00
~e 4910E+01

«1190E+00
~«2060E~01
~¢9250E+00
~+3500E~01

« 1 670E+00
-«2000E+01
-+ 2200E-01

« 62T70E+01

e 4790E-01
-+ 7620E+01

e 1 600E+01

« 5060E-03

+ 2300E+0Q0

t

c7

FIT

N
+0000E+00
«+9110E-01
+1980E-Q2
«2380E-01
«2660KE-03
«8200E+QQC
+ 28 60E-~01
+1860E-01
=+ 1370E~02
~+1590E~02

«1450E-03

« 4330E+00
~+3800E-02

« 49 60E-02
-+1500E-03

«1020E-01
-+1900E-03
+9810E+Q]
«3750E+00
+1 780E~03
«3740E-02
«2140F-01
« 6010E-03
«3120E-06
«2420E-03
«9590E+00
«1270E-01
+1560E+01
+5120E-01
+8000E-02
+3030E+00
« 4730E-01
«+ 1 400E+0Q0
«3160E+00
« 6130E-02
+9570E+01
«1510E-01
«2000E+01
« 4720E+0Q0
«2270E-03
«1940E-01
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APPEWDIX D

PROPULSION AND CONTROL SYSTEM RELATIONS

B

Propulsion and control of most recreational planing craft of interest
in this study are propelled by a single unit, the outboard motor, which
[ can be divided into four subsystems, namely, the torque-rpm relation for
the engine, the thrust-torque-speed=rpm relation for the propeller, the

side force and drag on the rudder and the geometrical relationship de=
fining the propeller thrust direction and the rudder side force and drag

directions, These relationships are described in this Appendix.

The torque=rpm relationship for the engine was obtained from a least~
squared~error curve fit to non=-dimensional measured data for six different
size engines, which were supplied by one outboard manufacturer. The data
are shown in Table D=1 and Figure 2. At each rpm, the measured torques
were averaged giving the values shown in the table, then these averages
were fitted with a quadratic in engine rpm giving the coefficients shown

in Table D-1. The dimensionless values of torque predicted by this fit

are shown in the table and plotted in Figure 2, The maximum fitting

error compared with averaged torques is seen to be 3.1 percent of the
average rated torque and the root mean square error of the fit is 1,2 per= '

cent of the average rated torque. The data scatter for the individual )
engines :s seen to be larger than that of the averaged data and some en-

gines are seen to be consistently higher or lower than the fit of the

aba

averaged data, Consequently, for accurate engine speed predictions with a
particular engine it may be more appropriate to fit the data for that en=
gine, The data shown in Table D~1 and Figure 2 were obtained with finely=~

e el B

tuned, new engines at full throttle. To simulate partial throttle settings

of actual outboards, the rated horsepower HP__, was reduced, with constant

ER
values of NeR? b', b2 and b3. Additional engine data are needed to substan=-

tiate this assumption, Engine stall characteristics and high engine speed

limitations should be included to complete the engine characterization. i

However, for the purposes of this study, the overall average fit was used
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since engine speed per se was not essential but rather boat speed reduction

i f at constant power in a turn was required,

£ The propeller characteristics were assumed to be given by the charts
i ' presented in Reference 7, for the case of no cavitation. The thrust coef=~
3 ficient, KT , and torque coefficient, KQ , for a pitun ratio of 1.2 were

f : fitted with quadratic functions of propeller advance coefficient, JP , as
k shown in Table D=2, for five different biade area ratios, BAR. The rms

i errors of the fits are seen to be well within acceptable limits (less than

t two percent of KTo and KQo’ for example). It was assumed that the forces
and moments due to the propeller were only the thrust force along the pro=-
peller axis and a torque about that axis. No interactions between rudder
and propeller or between hull anda propeller were includec. The latter
assumption is probably valid for outboard engines since the propelier is
usually more than one diameter aft of the transom. The importance of pro-
peller=rudder interactions however should be investigated further as well,
as the significance of side or vertical forces on the propeller due to in-
clined flow. |n both of these cases, there may be sufficient data available

, to estimate the importance of these effects,

The side force and drag on the rudder was assumed to be described by a i
1ift coefficient CLR and drag coefficient CDR which were estimated from
finite aspect ratio wing theory. The expressions used are

R 3

2T o "

- R™R oo

Cr = Ag + 2 (D-1) i

and 5 ! :
Coo=c. . +oLR (D-2)

DR DoR ﬂAR ‘

where Ap was taken as the aspect ratio of the side elevation of the lower .

unit of the outboard motor, below the ventilation plate and o is the
inflow angle of attack in a plane normal to the engine turning axis. The
free water surface was assumed to have no effect on the rudder side force
and drag as was the vent.lation plate, the propeller and the hull. Measure-

ments of actual rudder forces are needed to verify these assumptions.

To compliete the description of the effects of this propulsion and con-

trol system, the geometric relaticnship defining the engine pesition, tilt

D2
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: and turn are required. |If (§+P,0,C+P) are the dimensionless coordinates of

the engine tilt pin in hull axes (a single engine on centerline was assumed

i : here), and if (g+A,0,g+A) are the distances at zero tilt angle (propeller
' { shaft parallel to keel) from the tilt pin axis to the point of application
3

i of propeller thrust, parallel to the hull axes, then the hull coordinates

(x+,y+,z+) of the point of application of propeller thrust are given by

il

A ' x'
1 T

yr =0 (p-3)

1 [} 1 1
gTP + gTAcoseP + QTAsmeP

z!

=l gl o« I
T = b7p = E7a8inOp + Cppacosty

P

g where 8 is the engine tilt angle, positive for lower unit forward. Then
] letting (gép,o,gép) represent the distance from the point of thrust applica-

v tion to the point of rudder force application, the hull coordinates (xﬁ,yk,zé)

of the point of application of rudder f-rces are given by

= 5! 1 ! '
xp + gRPcosepcos¢P + CRPS|neP

Y+ - géPSinWP (D-h)

Y
21~ Sge

1
*R
1
YR
1 H ]
22 snnePcoswP + gRPcoseP

where WP is the engine turn angle such that a positive WP results in a

turn to starboard. With (u',v',w')denoting the hull velocity components and Ny
(p',q',r') denoting the hull rotational velocity components in hull fixed

axes, the corresponding velocity components at the propeller are given by

o= o0 Tyl o ylpt
up = u + 229 Yr

1
v! = v!' + x+r' - z+p' (D=5) ]
w! = w! + Y+P' - x+qn , ]

while at the rudder the corresponding velocity components are given by

= gyt tal o ylpl
ug = u' + zpq Ypr
vé = y' + x&r' - zép' (0-6)
= oyl Tl o it ;
wp = W'+ YoP xgd ;

03
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The propeller speed of advance was taken as the velocity component

parallel to the propeller axis at (x‘,y+,z+) which is given by

T
H - ) - gt - ] -
Vea uPcosepcos¢P vpsing, wpsinepcoswP (D=7)
which leads to the propeller advance coefficient JP in the form
= 1 int -
JP ZﬂVPA/wPDP (D=8)
where wé is the dimensionless propeller rotational speed and D& is the
dimensionless propeller diameter. Once JP is defined, the propeller

thrust and torque coefficients can be calculated from the resuits shown in
Table D-2 and the corresponding dimensionless thrust and torque are given

by

I = w12nt4
TP wp DP KT/21'|2

{D-9)
QP =~(,l,)|':2 n||:5 KQ/216

The corresponding forces and moments in hull coordinates then are obtained

from
1 = '
XP TPcosePcoswP
= oTle]
YP TPSImUP
Z! = «T!sin@ cosy
P P P P
K! = Ql'cos®_cosy, + ylz! - zly! (0-10)
P A 2 EARA o T
I = oNte} Iyl o L1721
Mp = =Qpsin¥, *2Xp = xqZp
U = 0lgi Iyl o ylylt
NP QP |n9Pcos¢P + xTYP yTXP
Similarly, the rudder speed of advance is given by
1 = ylene - vlei - w'si -
Vea uRco.,GPcoswP vRsmvP wRSInePcostP (D=11)

and the velocity component normal to the rudder centerline plane at the

point (xé,yé,zé is given by

U = gyt : ' e wlel PR -
VN uRcoseP51nﬁP + vpeosyp wR5|neP5|nvP (D-12)
so that the rudder angle of attack is
= 1 ! -
¥, = arctan (VRN/VRA) (0-13)

ol
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from which the 1ift and drag coefficients can be calculated using Eqs.(D=1)

and (D=2). The corresponding dimensionless lift and resistance are

|| Ly = =(URQ + Vie ISAC, g
% | ) 1 1 2 ! 2 (0-14)
R = =(Vaw * Vra VSR(Cpor *+ CLp/™g)

which are assumed to act normal and parallel to the influw velocity com-
ponent in a plane normal to the engine turn axis. The normal and drag force

components are then

N Rlsina, + L&cosa

and the engine torque is then given by

i FR - "R°'"R R
g (D=15)
\ t = R! -1 lc}
§ DFR RRcosozR LRsnnaR
% acting normal and parallel to the rudder centerline plane, at the point
L (xé,y&,zé). Finally, the corresnonding force and moment components in hull
| coordinates are given by
K
=0t t .
: XR DFRcosePcoswP + NFRcosePsun\yP
| I =un! e} )
% | YR DFRS|an + NFRcoswP
) 1 =ap! . - Nt . N
ZR DFRsanePcosq:P NFRS|n9PS|n¢P (0-16)
I = 171 o Syl
Kr = YRZg = 2RV} |
R
I = olyl o Lttt il
Mr = 2gXg = Xglg i
1 = iyl o yliyt
N = %RYR = YR*R ,
The engine speed wé is determined by the propeller speed wé and t§
the gear ratio Y. in the form E
!
| = ' - RN
we = Yewp (0=~17) . ,@
i
2 |
L a! taw!
- YE"R “e~ER
Ql =0 1 +b, +b {————]+ b,| —7 (D~18)
E ER 1 2\ w 3 w
ER ER
where w' is the dimensionless engine speed at the rated rpm and QER is .
given by ' |
! = Hp! - :
Qg = "Per/vex (0-19)

where HPER is the dimensionless rated power, for the case of full throttle i
or a reduced value for partial throttle settings, |

0%
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i ! TABLE D-|
i | MEASURED TORQUE=-SPEED CHARACTERISTICS
© FOR OUTBOARD ENGINES
L Y %r
¢ Dimensionless Torque= o
i ER
§.
o n -nER
E -0.6  =0.5  ~0.4 -0.3  =0.2 -0.1 0 0.1 0.2
:.‘;v ER
i Engine .
; A -0.131 =-0.124 =-0.062 =0.024 =0.088 =0.105 -0.i36 =0.176
3 B -0.265 =3.219 =0.156 =0,057 O 0.008 -0.040 =0.105
% c -0.288 ~0.170 =-0.064 0.142 0.067 0.085 0.038 =-0,057
) D -0.147 =0.09% 0.019 0.041 0  =0,059 =0.112 =~0,182 =0.221
? E -0.478 =0.148 -0.044 0,068 0.087 1,053 =0.026 =~0.122 =0.210
F -0.383 0,254 -0.223 =0.124 =-0.092 =0.112 =0,087 =0.122 =0,228
Average =-0.282 -0.168 =-0.088 0.007 =-0.004 =0,022 =0.060 =0,127 =0.220
Fit -0.281 =0.164 =-0,078 -0.024 =0.002 =0.011 =0.052 =-0,124 =0.,228
Error  =0.001 =0,004 =-0.010 0.031 =-0.002 =0.011 =0.008 -0.003 0.008 i
RMS Error = 0,012 f %
ng = engine speed (rpm) :
QE = engine torque (ft=1b) E
neg = engine speed at rated power = 5000 rpm .5;
Qg = engine torque at rated power given by B
33000 x HPER
Qp = — .‘
ER LﬂnER .
v
HPER= rated power. 5
Q.-Q n.-n n.=- z
E"SER _ E_"ER £ "R
=5+l *+ by | =5
ER ER ER
by = =0.05170 f
)
b, = ~1.580 !
3 5803 :
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=
|
P
F TABLE D-2
. PROPELLER THRUST AND TORQUE
‘! NO CAVITATION, PITCH RADIUS= 1.2
=
3 RMS RMS
§ BAR KTo KTJ KTJJ Error KQo KQJ KQJJ Error
z 0.50  0.317 =-0.04754 0.0001786 0.0026  0.0580 -0.008286 0.,0001429 0.0004k
:
¢
¢ 0.65 0.339 =~0.05739 0.0008928 0.0037  0.0620 -~N.009536 0.0001786 0.00034
8 ,
¢ 0.80 0.349 -0.06025 0.0008929 0.0020  0.0670 =~0.01125 0.0003214 0.00015
0.95 0.367 =0.06754 0.001607 0.001k  0.0703 =0.01275 0.0004821 0.00026
1.10  0.397 -0.08289 0.003393 0.0026  0.0754 =0.01397 0.0005714 0.00032
- 2
Kp = Kyo * 9pRay 35 Reyy
v 'd 3
Ke = Koo * ¥pfau * 95 Rauu
]
i
!
|
b7
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APPENDIX E
APPLICATIONS

Three applications of the relations derived in this study were carried
out and the equations used and results obtained are described in this sec=
tion. Equilibrium conditions for straight course operation were calculated
from pitch and heave equilibrium, At these equilibrium conditions the di=~
rectional stability was calculated for the case of fixed roll. Finally,

turning equilibrium conditions ware calculated with six-degrees-of-freedom

together with engine-propeller torque equilibrium,

To find the straight course equilibrium condition, the dimensicnless

heave and pitch equations in hull fixed coordinates are given by

! =
ZH + ZCAcose 0

(E-1)

[ t P =
MY ZCA(chose + zGS|ne) 0

wiere CA is the planing load coefficient and (xé,o,zé) are the coordinates
of the center of gravity in hull coordinates. The heave force Zé and
pitch moment Mé can be evaluated using the transformation shown in Egs.
(B=1) and (B=2) where xé, Zg and Mé are given by the least-squared-error
fits described in Appendix €., The parameters describing the straight

course equilibrium are (CV,B,CA,2+) so by specifying two of these parame-
ters, the remaining two values at equilibrium can be calculated from Eqs.
(E-1). Since these equations are nonlinear, an iterative solution technique
was developed using the Newton-Raphson technique to update an initial guess
at the unknown values. It was found that the numerical solution techniqe
was most often successful when CA and z+ were considered unkhown anrd Cv
and b6 were specified. A series of calculations were carried out for the

three deadrises tested and for center of gravity location given by
xé = 0.8, 1.2, 1.6
zé =-0.5, =0.75,-1.0

The results are shown in Tables E=1 through E-24. Also shown is the
dimensionless effective horsepower, EHP, obtained from the relation

El

st
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EHP = |X{|[C,, - (E-2)
evaluated at the equilibrium condition. (For the present illustration, no
correction is included for extrapolating these drag data to full-scale
Reynolds numbers.)

Although the data listed in Appendix A and the least squared error fits
described in Appendix C require additional analysis as described in the main
text, the usefulness of the final results in the design of recreational plan=-
ing craft can be demonstrated by the following design problem. Suppose a
designer wishes to- evaluate the equilibrium trim, draft and power for a craft

with the following characteristics:

Beam, ft 6
Deadrise, deg 15
LCG, ft fwd of transom 7.2
VCG, ft above baseline 3.0
Speed, knots W
Weight, 1b 2800

The corresponding dimensionless quantities are evaluated as follows:

xy = 7.2 ft/6 ft = 1.2
z('; = -3,0 ft/6 ft = -0.5
C. = L1.0 knots x 1.689 Lt/sec /4 32,2 x 6 ft = 4,98
v ' %7 Knot ‘
C. = 2800 1b/62.4 L= x (6 ft)® = 0.208
A £43

The equilibrium conditions for the given deadrise and center of gravity
location are listed in Table E=-13 where for Cv = §, the values of CA,G z!
and EHP' which straddle the desired value of ¢, are

A
Cp ) z+ EHP!
0.196 2 0.076 0.826
0.326 3 0.099 0.926

By linear interpolation the desired values of trim, draft and power in di-

mensionless form are found to be

E2
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(0.208-0.196) . o
2.00 + Sg*5mre ez (3.00-2.00) = 2.0

@
i

0.076 + 18*%22;8:}22) (0.099-0.076) = 0.078

H
Zr

EHP'= 0.826 + 1%f§32:8°}321~(0.926-0.826) = 0.835

and the corresponding dimensional values of draft and power are

z_ =0,078 x 6 ft = 0.47 ft

T
_ 62.4 1b 3 ft ! AL
EHP = 0.835 x T x (6 ft) x4 32,2 ;z:g x 6 ft x TTO Tt Tb/sec 142

Allowing for a propeller efficiency of 70 percent and a gear and transmis~
sion efficiency of 85 percent yields an engine horsepower of -about 240 for
this design. Since the drag used to calculate the dimensioniess EHP in
these tables is for the model Reynolds number, this horsepower is some-
what higher than would actually be required. However the above example

illustrates the usefulness of these empirical results.

The directional stability of each straight course equilibriumAcondition
was calculated from the linearized aquations of motion in sideslip and yaw.

in dimensioniess form, these equations are

2C, V' 4 20 . x)F!

! ’ } - iv]
A A™6 (th + YRv)V + (YL o+ Y ZCACvcose)v'

Hr Rr
(€=3)

1 oyt ? v . 1 PPAR-T]
(NHv + NRv)V + (NHr + NRr ZXGCACV°°°e)r

20, %AV +2C,RIZF!
where ''~!' denotes a smal! pe-turbation, "' denotes time differentiation,
subscript ‘'v'* denotes the hydrodynamic force or moment derivative with re-
spect to v'; similarly, "r" denotes the derivative with respect to r!,

subscript "H' are hull forces and moments while subscript 'Rf* denotes rud-
der forces and moments. These force and moment derivatives are evaluated
at the equiliorium condition so that w'=g=p=0 while cv, 8 and z+ are the
values given in each line of the tables. Using the results in Appendices

B and D, it is seen that

E3
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)
t B 1
Yhv © 3vT Vs
i = ]
Yay ZﬂARSRCvcosel(AR+2)
d
Yﬁr - Yé
YI = X' YI
Rr R "Rv . (E-l&)
d 0
t ™ tet e 1 ] 1
NHv T KSS|n9 + 5o Nscose + xRSYHv
t = [RVA |
NRV ' xRYRV
N, o= 2 k‘sine + 9 Nlcos® + x!. ¥/
Hr ~ 8w S 3w s RS 'Hr
I 13y
NRr xR YRv

The directional stability roots are then obtained by finding the roots
of the second order :haracteristic equation:-for the equations of motion
(E=3). A root with positive real part indicates an unstable response
while a negative real part means the equilibrium condition is directionally
stable, Also, a complex root indicates an oscillatory uncontrolled response

while a real roout means the response will give an exponential .response.

The trends observed in the results listed in Tables E=1 through E=2kL
agree with previous experience with planing craft. The equilibrium condi=
tions and directional stability are not sensitive to VCG. As the LCG moves
forward, at constant deadrise, speed and trim, the load coefficient in=-
creases, che draft increases, the required power increases, and the craft
becomes mcre directionally stable {that is, the real part of the stability
roots moves toward more negative values). {ncreasing deadrise for the same
CG position and load yields an increase in draft and power, while the trim

may increase or decrease.

Turning equilibrium conditions were evaluated using six force and mo-
ment equations together with engine-propeiler torque equilibrium and zero

verticel velocity, In dimensionless form,

xﬁ+xa+X$+XéuZCA[q'w'-r'v'-xé(q"+r'3)+yep'q'+zép'r‘] =0 (E-5)

(cont'd]
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1 - 1y ! o oyl (P8 10 Pl taln!)] =
YIHYRHY A4V ZCA[r ut=p'w yG(r +p )+qu r'+xiq'p =0

Z'+Z'+z'+Z'-ZCA[p'v'-q'u'-zé(p'a+q'2)+xér'p'+yér'q'] =0

H ™R "P "G
KUK K K =20 [(Rla_Rla)qlrl+yl(plvl_qlul)_zl(rlul_plwl)] = 0

H'R P G &z 'y G G (£-5)
) 1Ml aM! - 12 _pt3) .tpl a'wlerly Y ax! {p!'y!eagly! =
MAFMEEMA+ML ZCA[(Rx RY Yr'p +zG(q wi=rtv!) xG(p viegtu)] =0

]
o

1 taNVAN! o 12 0138 ntlalawt{mrtytan'w! Yay! {alwlapliy! =
NH+NR+NP+NG ZCA[(Ry Ry Yp'a +xG(r u'-p'w') yG(q wi=riv')]

) | =

Q + Mg¥el = ©

-u'sind + v'sinpcosd + w'cosgcosd = 0
where nE is the ratio of power input to the propeller to the power output
of the engine, which accounts for gearing and transmission losses, and where

subscript 'G'" denotes force and moment components due to gravitational force
in hul! coordinates, which are given by

Xé = -ZCAsinG

Yé = 2C,cosBsiny

Zé = 2C,cosBcose ro6)
= vizs - e

Mé = zéxé - xéZé

N YR

The hull force and moment components denoted by subscript '"H' were evalu-
ated using the balance to hull transformation in Appendix B together with
the coefficients and fitting functions listed in Appendices C and B, re-
spectively, The rudder and propeller force and moment components denoted
by subscripts 'R'' and '"P'' were evaluated by means of the analytical results
shown in Appendix D as were the propeller and engine torque Q; and QE. In

satisfying the eiaht equations,(E-5), the following parameters were con=
sidered the unknowns:

' ' ' 1 -
cv) e! ZT) CA' wp’ HPER’ w » a’ (P' *P) B (E 7)
where « is the angle of attack of the projection of the resultant velocity

ES
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vector in the hull centerline plane with respect to the x-axis and f s
the angle :between this projection and the resultant velocity vector. The
rectilinear and rotational velocity components in hull coordinates are

then given by

ut = Cvcosacosﬂ p! = -w'sind
v! = ~C,sinp q' = w'cosbsing (E-8)
w! = Cvsinacosﬂ r' = w'cosBcosy

for the case of a steady turn with turning rate ' . The sideslip angle

B was eliminated @s an unknown by solving the last of Eqs.(E=5) which gives

8 = arctan (s;nacoswcose - cosaslne‘) (E-9)

singpcosO

The remaining seven of Eqs.(E=5) were used to find equilibrium values for

seven of the unknowns (E-7) for given values of three of these unknowns,

The craft chosen for this illustration was Qsed in a full=-scale turning
test program reported in Reference 9. (raft parameters used heire are listed
in Table E-26. Straight course equilibrium conditions are shown in lines |
through 14 of Table E-26 as well as lines 24 and 29, as computed from Egs.
(E~5) for given values o¥ CV, CA and w'. The straight course equilibrium
conditions in Table E=26 are in very good agreement with those estimated
by interpolation from Tables E-~! through E-24. Consequently, the simplifi-
cations assumed in using only the pitch and heave equaiions are justified

for estimating straight course equilibrium conditions.

In lines 1 through 6 of Table E-26, it is seen that as speed coefficient
increases at constant load on straight course, the equilibrium trim angle is
reduced, the draft decreases, the propeller rpm increases, the required
power setting increases, the angle of attack is very nearly the same as the
trim, the roll angle increases, and the very small engine angle required to
maintain straight course increases, Comparing lires 2, 7 and 8 in Table
E-26 shows that increasing load at constant speed on straight course re-
quires greater trim angle at equilibrium, greater draft, higher propeller
speed and power setting, yields larger roll angle but requires less engine
turn angle to maintain straight course. In lines 9 through 14 together with

lines 2, 3 and 4, the effect of deadrise at different speeds for the same

€6
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load on straight course is seen to have a scattered effect on equilibrium
trim angle, while draft increases with deadrise. Propeller rpm and power

setting also do not change monotonically with deadrise nor roll angle.

in lines 15 through 32, the engine turn angle is increased from the
straight course value for four different cases, where CA and HP!'ZR were
held constant in each case. As engine turn angle increases, speed decreases
and trim decreases. For straight course speed coefficients 3,836 and 4, the
draft increases with engine turn angle while for a straight course speed
coefficient of 2.850 the draft decreases as engine turn angle increases. The
propeller rpm decreases, the turning rate increases, the angle of attack de-
creases, and the roll angle increases except for lines 19 through 23 where
the roll angle increases to 4.5 degrees, then drops off and increases again
as engine turn angle increases, With the exception of this last trend, all

parameters change in the expected manner.

In attempting to find solutions of Eqs.(E~5) for engine turn angles
larger than those shown in Table E~26, unexplained difficulties arose giv-
ing unrealistic solutions. The source of these difficulties could possibly
be the same inconsistencies in the planing data described previously. How-
ever, the results obtained are considered encouraging in that the trends of
trim, roll, speed, rpm and draft are correctly predicted and the results
appear reasonable. Again, for more accurate and reliable results, further
work on the data reduction is recommended, followed by an investigation of

any difficulties in solving Eqs.(E=5).
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TABLE E-1

STRAIGHT COURSE ERUILIBRIUM AND STABILITY

CDFL
« 084
«QRE
<116
159
« 204
«0RER
«118
+ 182
«273
« 375
«102
+ 164
«273
422
« 594
+ 098
« 202
+ 373
« 602
+ 8583
062
« 230
« 491
« 815
1129

BETA=10. DECG XG= 8 2G==0.50
DRAFT EH® REAL IMAG
+03% 04091 « T75E+00 «020E+00
+078 04074 -+ 490E-01 +000E+00
+096 0.08F +994E+00 +000E+00
«107 Oe¢t16é6 «433E+01 000E+00
«113 0139 L9REE+01 «000E+00
+056 0171 + 112E+01 «000E+00
Q70 04162 «911E-01 «000E+0Q0
+086 0203 «131E+01 «000F+00
«103 0270 +272E+01 +000F+00
117 0339 +103E+02 +«0Q00L+00
«049 0290 +150E+01 «000E+00
+063 0+.309 «335E+00 +000E+00
+080 O0+410 «163E+01 «000E+00
+101 0.563 «511E+01 «0Q00E+0O0
+123 0.729 +108E+02 «000E+QO
+045 06463 +198E+01  «000E+00
«059 0.552 «723E+00 +000E+00
+080 0783 +193E+01 «<O000E+00
+107 14110 «547E+01 +000E+00
«137 1.473 .112E+02 +000E+00
«044 Qe476] +258F+01 «000E+0Q0
«+062 1.014 +125E+01 «Q00E+00
«089 1509 +220E+01 +000E+0Q0
2125 24177 «577E+01 .« 000E+00
«172 2913 +116E+02 «000E+00
E8

DIRECTIONAL STABILITY ROOTS

]

REAL
+298E+00
«373E+00
+230E+00
«237E+00
«244E+00
«342E+00
+258E+00
«302E+00
« 368E+00
» 422E+00
+330E+00
o1 64E+00
«281E+00
e 43 4E+00
« 559E+00
¢« 435E+Q0
« 1 37E+00
+ 183E+00
« 429E+00
e 664E+00
« 55T7E+00
+195E+00
«232E-01
+ 376E+00
+843E+0Q0

IMAG
+000E+00
+000E+00
+000E+00
+000E+0Q0
+000E+00
+000E+00
+000E+00
+000E+00
+000E+QO
+000E+00
+000E+00
«000E+00
+000E+00
«000E+00
+000E+00
«000E+QO
+000E+0QO
+000E+00
+ 000E+0Q0
+000E+00
« 000E+00
«000E+QO
+000E+00
«000E+00
- 000E+00
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TABLE E-2

STRAIGHT COURSE EOUILIBRIUM AND STABILITY

CDEL
«084
- 085
«112
«154
« 196
+088
o117
178
264
« 361
«102
« 161
¢ 265
0407
« 570
«097
«197
« 361
579
« 827
«061
e 224
e 475
« 789
1110

BETA=10. DEG XG= +8 Z2G==0.75
DRAFT EHP REAL IMAG
«057 0.091 «770E+00 +«000E+0O0
077 0074 -« 469E-01 +000E+00
«094 0.087 +9285E+00 «000E+0O0
«104 0114 +431E+01 «000FE+00
108 0135 +986E+01 «0Q00E+00
«055 0-170 +112E+01 «000E+00
«069 0s160 +919E-01 +000E+00
084 04199 +131E+01 «000E+0O
«100 0.263 <471E+01 «000E+00
«112 0.327 +103E+02 .000E+0O
049 0.288 +15S0E+01 +000E+QO
«062 00304 «340E+00 «O0O0OE+QO
«078 0+400 +162E+01 .000E+00
+097 0¢543 «S10E+01 +000E+00
117 0.697 +108E+02 «000E+0O
0448 N 461 +198E+01 «000E+00
058 0+543 «733E+00 .000E+0O
078 0+759 +194E+01 +000E+QO
«102 1.065 +547E+01 «Q00E+Q0
«130 1.403 +112E+02 «000E+00
044 Q.75 <258E+01 +000E+0O
061 0998 +127E+01 «000E+0O
086 1.463 +222E+01 «000E+0O
+120 2.092 +577E+01 «000E+0O0
162 2.794 «116E+02 <000E+00

DIRECTIAONAL STABILITY ROJTS

E9

cianl? Vo 3500 A SR ML o (RE e oD kit aat & -5 3 a1

REAL
=+ 304E+00
~«3B4E+00
«231E+00
«235E+00
«23BE+00
« 342E+00

+ 303E+00

41 1E+00
«+381E+00
«1 TVE+0O
+283E+00
o 42TE+00

+ 1 48E+00

o 422E+00
¢+ 635E+00
« 557E+00
-+ 208E+00
« 420E-01
-« 364E+00
-« 776E+00

«263E+00

«364E+00

+ 541 E+00
o 43 6E+0O0

«192E+00

IMAG
+000E+QO
+000E+00
+000E+QO0
«000E+00
+GO0E+00
+000E+0QO0
+Q00E+00
«0N00E+00
+000E+00
+000KE+00
+Q00E+00
+000E+0Q
+000E+0Q0
+000E+0O0
+000E+0O
+000E+00
+000E+00
+000E+00
+000E+00
+000E+00
+«000E+00
«000E+0QO
+000E+0O0
+000E+00
+000E+CO
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TABLE E-3

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

cv T CDEL
2e 2+ «0B4
2 3. « €3
?_. fe 'llo
2 S o148
2 be « 188
3o D «QOR7
3. 3. «115
3¢ 4e o174
3 Se + 255
30 6' -3116
e P « 101
e 3. « 158
e /e P47
die 5. «39]
die Ho « N6
Se  Pe 096
5. 3. +193
Se Ae « 49
Se 5. ¢ 556
8¢ 6o 4792
[ 2 « 0 &0
be 3. + 216
6o le . 45%
6. S5e o 761
6o &e 1.083

BETA=10. DEG
DRAFT EHP
+05% 0091
+075 0.074
092 N.086
«101 Q.111
«103 0.130
+0N55 04170
«06R% Q+159
<023 0s196
« 097 0.256
+108 0.315
«049 Q287
+061 0.300
07 Ne 390
+094 06522
111 Q. 664
Qad D 458
082 NeH34
Q76 (0735
Q9% 1019
+ 122 1.330
+043 04756
+060 D.982
«0OR 4 14419
114 2.006
« 152 Q.66

IMAG
+000E+00
+000E+00
+000E+00
+000E+0O0
+000E+0QO0
+000E+00
+0D00E+00
+000E+QO0
+«000E+00
+000E+0O
+000E+00
+000L+00
s 000 +00
«000E+00
+000E+QO
+000E+00
+000E+00
+000E+00
+000E+00O
+000E+0Q0
«000E+0O
+000E+0Q0
+000E+00
+000E+00
+000E+00

XG= «8 ZG==-1.00
DIRECTIJNAL STABILITY ROITS
REAL IMAG REAL
+ 76¢3E+00 «000FE+00 =.+311E+00
=« 445F-01 +000E+00 =-.397E+00
+976E+00 «000E+00 ~.233E+00
« 430F+01 «000E+00 =-+.233E+00
« 9 5SE+01 +000E+00 -.232E+00
+112E+01 + 000E+00 -+343F+00
+ 929E-01 «000E+00 =.268E+00
«130E+01 «000F+0N =-+303E+00
« 470E+01 +000E+00 =-+360QE+00
+103E+02 «000E+00 =+401E+D0
« 150E+0Q1 +«000E+00 =-.321E+00
¢« 345E+00 «000E+00 =41 79E+00
e 16D 0 «NNOE+N0 =250 F+00
+S10E+Q1 «Q00E+00 =+«422E+0Q0
fTQRE+Q2 2 000F+00 =« 525F+00
s 19KE+N] «Q00K+00 =+437E+00
¢« T4ZE+00  «000E+00 =+1599E+00
¢« 1O5E+01 +000E+Q0 -.201E+00
« 547E+01 +000E+Q0Q =-.418E+00
«112E+02 +000E+00 -+ 609E+00
+259E+01 «000F+00 =«558E+00
«128E+01 +000E+00 =-+.221E+00
+ 22 4E+01 «000E+00 -. 615E-01
« STHEE+01 +00NE+00 -~+356E+00
+115E+02 +000E+00 =-.717E+00
ET0

ot Uhioiis, cranhed g e e dade i

b A L S i

Fr PR S NS L E IS

TR R

j
|
]

i BT b L i i - i s




cv
2.
2.

P
3e
3.
3
3
3
Ao
4.
4
4
4e
Se
Se
Se
S.
S

6.
6o
6o
6

T
O
Ge
A.
Se
6o
20
30
be
5.
Ee
3.
de
Se
6‘
Do
3.
G
Se
Ge
2,
3.
de
Se
60

R-1851

TABLE E-4

STRPAIGHT COURSE EQUILIBRIUM AND STABILITY

CDEL
« 107
132
+193
« 266
« 331
124
+187
«298
e 428
+ 550
162
+ 285
o 461
.643
« 184
«1&3
+ 391
.641
« 848
« 932
e 144
« 4T
« 7189
« 956
+ 836

IMAG
+U00E+Q0
«000E+QO
+COOKE+QO
+000E+0Q0
+000E+00
+000E+00
*190E+00
+000E+00
+000E+Q0
+000E+00
+000E+0Q
« 690E+00
+864E+00
«000E+00Q
+000E+0Q0
+000E+00
+120E+01
+166E+01
*134E+01
+000E+00
+000E+00

-«170E+01
-« 247E+01
= +227E+0]

+000E+00

BETA=10. DEG XG6=1.2 2Z6G==0.50
DIRECTIONAL STABILITY RUJTS
DRAFT F[HPp REAIL IMAG REAL
+086 0+102 «213E+00 +0COE+30 -+ 606E+Q0
109 04093 =« 150E+00 +Q00E+00 -.584F+00
+136 0+121 «317E+00 +000E+00 =-+46&, -+00
«159 0.168 «197E+01 +Q0QE+00 ~-+569E+00
« 175 0214 «470E+01 +0COE+00 =+ 69 7E+00
+073 04209 «311E+00 +000E+00 -+ 738E+00
«097 04224 =« 433E+00 +190E+00 =-«433E+00
<128 0.302 +390E-01 «0Q00E+00 =-.439E+00
«160 O0s410 « 183E+01 +0O00E+Q0 -+.841E+00
+ 189 0«517 +454E+0]1 +000QE+00 -+118E+01
«066 0.389 + 326E+00 +O00E+0Q0 =-.683E+00
2094 0+488 =+ 466E+00 +« 690E+00 =+466E+00
«131 0+ 683 -+336E+00 «B&4E+00 -+.336E+00
« 171 0«907 +113E+01 +000E+00 =+ 692E+00
*210 1103 «<401E+0' <000E+00 =+154E+0]
061 0« 657 +350E+00 +000E+00 -.S5S98FE+00
+096 0963 ~+511FE+00 +120E+0] =-+511E+00
*140 1390 =-¢S31E+00 +166E+01 =.531E400
+ 188 1eB02 =e1 7T1E+00 «134E+01 =~+171E+00
+ 238 2.092 +310E+01 +000E+00 -+.192E+Q1
*03€ 1.007 +7S2E+00 +000E+00 -+.861E+00
«102 1772 ~+598E+00 +170E+01 =-+«598E+00
*155 2+595 -«B29E+00 «247E+01 -+829E+00
*212  3+262 -« 729E+00 +227E+01 =« 729E+00
+ 273 3578 «276E+0] +000E+00 -.338BE+01
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TABLE E<5

Cv
2.

Do

2
2
O
3.
3«
3
3e
3.
4o
4
Ao
4
4
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Se
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Se
6o
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6.
6.
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Se
He
2
3.
4.
Se
6o
2
30
4
Se
[
2.
3.
r{
S.
6.
2,
3.
e
Se
€

\ arai Lok

STRAIGHT COURSE EQUILICZRIUM AND STABILITY

CDFL
.106
« 1320
« 189
« 259
+« 322
«123
.184
<292
« 420
e 541
« 161
« 280
« 635
« 782
« 181
« 384
« 632
« 843
« 945
e 141
o 469
« 782
961
«865

Cia g o i

BETA=10. DEG
DRAFT EHP
«0B6 0101
« 108 0.092
«134 O0.119
e 156 0«1 64
+171 0.208
«073 0+.20%
«096 0+221
e 126 0.9297
« 157 0.402
- 185 0.507
0665 0+386
« 093 0.481
«129 0+671
«167 0891
«20S 1.088
«060 (Q.651
+09S 0946
« 137 1364
« 184 1+775
«233 2.077
« 055 0.997
+ 100 1.74)
«152 2.554
« 208 3.229
«269 3+576

IMAG
+000E+0O0
+000E+00
+000E+00
+000E+00
+«000E+0QODN
+Q00E+00
s 1 76E+00
+Q00E+00
+000E+0O
+000E+00
+000E+0QO
+ 679E+00
«549E+00
+Q00E+00
+000E+00
+000E+00
+118E+01
o1 64E+0]
+135E+01
+000E+00
«Q00E+00
+1 6BE+01
+245E+01
+231E+01
+ 000E+00

XG=1.2 ZG=-0.+75
DIRECTIONAL STABILITY ROJTS
REAL IMAG REAL
«213E+00 +000c+00 -« 611E+00
+ 1 46E+00 «O000E+00 =¢594E+00
+ 31 5E+00 <Q00E+00 -+ 464E+00
+197E+01 <000E+00 =+563E+00
« 470E+01 +000E+00 -.nBOE+00
+ 312E+00 «000E+00 =+ 7T41E+00
« 434E+00 <] 76E+00 =+ 434E+00
+ S25E~01 +O000E+00 -+ 44%E+Q0
« 1B3E+01 +000E+00 =-+830E+00
« 455E+01 +Q00E+00 =+115E+01
+331E+CO0 +0Q00E+00 -.688E+00
« 464E+00  « 6T79E+00 -~ 464E+00
¢+ 32RE+00 +B49E+00 =+«32BE+00
+ 11 5E+0]1 +000E+00 =.676E+00
¢ 402E+01 +O00E+00 =-«149E+01
+ 364E+00 +000E+00 -+« 610E+0Q0
+ S05E+00 +11BE+01 -«50S5E+00
+ SISE+00 +164E+01 -+ 515E+00
+ 139E+00 +135E+01 -+139E+00
« 308E+01 +Q00E+00 -.179E+01
« TEEE+00 +000QE+00 -+873E+00
» SBBE+00 +168BE+01 -« 588E+00
+BOSE+00 «245E+01 -+805E+00
+ 6BBE+00 «231E+01 =-.68BE+00
+265E+01 +000E+00 -.316E+01
El12
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R-1851

TABLE E-6

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

it * i T ———— ey —

BETA=z10. DEG  XG=1e2  Z2Gs=1+00
DIRECTIONAL STABILITY RO@TS
CV T CDEL DRAFT EHP REAL IMAG REAL IMAG
2. 2. 4105 +085 0101 +213E+00 +O00E+00 -+ 61 6E+00 +000E+00
De Re 128 107 0091 =+143E+00 +000E+00 -« 604E+00 «000E+00
De  4e o184 132 0.117 +313E+00 +000E+00 -+468E+00 +000E+00
De 5. 4252 153 O0+161 +196E+01 +000E+00 -+557E+00 +000E+00
Be 6 <313 <167 0.203 «4T0E+01 <OCOE+00 -+ 664E+00 +000E+00
2. 8. <122 +072 0.207 +312E+00 «000E+00 =+« 744E+00 +000E+00
e 3¢ o181 +095 0.219 = 435E+00 «161E+00 -+ 435E400 =+161E+00
3¢ 40 287 124 04291 «6SSE-01 +000E+00 =-+459E+00 «000E+00
3¢  Se 412 +153 04394 «184E+01 +000E+00 -+819E+00 +000E+00
e 6e <532 180 0.497 «456E+01 «000E+00 -+112E+01 +Q00E+00
4e D¢ 4159 <065 0+383 +335E+00 +000E+00 -+ 693E+00 +000E+00
e 3e 2275 4092 Q473 =« 463E+00 » 668E+00 =+ 463E+00 =+ 668E+00
4e 4o  «B46 4126 04658 =«321E+00 +834E+00 -+321E+00 -+834E+00
Ae Se 4626 4163 0+874 +118E+01 +000E+00 -+ 662E+00 +000E+00 ]
e 6o 778 200 1071 +404E+01 +000E+00 -+143E+01 <000E+00 ;
Se D¢ +17B «0E0 0¢645 +3TTE+00 +000E+00 -+ 622E+00 +Q00E+00 ;
S¢e 3¢ o377 +093 04929 -+500E+00 +116E+01 =« 500E+00 -«116E+G1 !
Se 4o 602 4135 14338 -«S00E+00 +162E+01 -+ SO0E+00 =+162E+01 :
Se Se +838 180 1+746 -«107E+00 «+133E+01 =+107E+00 -+135E+01 |
S5¢ 6. 2956 «228 2.060 +306E+01 +O00E+00 -+167E+01 «0Q0E+00 !
6e 2« <138 +055 0987 «783E+00 «O000E+00 -+884E+00 +000E+00 ?
be 3¢ <460 +098 14711 -+ STBE+00 «165E+01 -+ 5TBE+00 -+ 1 65E+01 !
be 4o +T7T4 149 24511 -.TBOE+0QC +244E+01 -« 780E+00 -.244E+01 1
be Se +966 +204 34193 =+ 646E+00 +235E+01 -+ 646E+00 -+235E+01 :
be 6. <894 265 3+571 +253E+01 <000E+00 -.293E+01 «000E+00 !
i
{
:
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Ccv
Qe
2.
2
2
2
3.
3.
3
3e
3.
4
4
Ao
4e
de
Se
Se
Se
Se
Se
Ge
6e
6o
6o
6.

2
3
e
Se
6
D
3.
e
Se
6o
2
3.
4
Se
6
2
3
4
Se
6.
2
3
4e
Se
6

[T RPN =P FEURINOENE O P SO SR

CDEL
«170
«2595
«395
. 49 6
05014
« 188
« 301
'4A9
« 562
« 604
2617
» 442
« 614
«710
« 703
«346
+ 588
«806
v 697
+ 369
» 685
+833
+ 783
524

R=1851
TABLE E-7
STRAIGHT COURSE EQUILIBRIUM AND STABILITY

BETA=10. DEG XG=1+6 2G==0+50

DIRECTIONAL STABILITY
DRAFT EHP REAL IMAG REAL
«115 0.132 =-+300E-01 «Q00E+00 -+139E+0Q1
«e153 04147 -¢330E+00 +000E+00 -+«105E+01
« 201 0¢207 =+241E+00 +000E+00 =+1635E+0Q1
«e243 04266 +213E+00 +Q000E+00 -+306E+01
e266 04303 «921E+00 +000E+00 =+457E+01
«Q97 0N«275 =+ 680E-01 «QO0OE+0N -+182E+01
«135 0330 =« 667TE+00 +« Q00E+00 =+145E+01
¢ 180 Q.+ 439 =+605E+00 «+COOE+00 =-+229E+0]
e 224 06542 =~+342E-01 +Q00E+00 -+410E+01
«e260 0D¢610 «77S5E+00 +000E+00 -+ 631E+01
«094 0568 =-+380E+03 +000E+00 -+193E+01
«138 0+746 -«150E+01 « 782E+00 -+150E~01
«186 0¢958 =«186E401 +000E+00 =+249E+01
«e232 1¢115 =e¢659E+00 +Q00E+00 -+550E+01
« 273 16179 +426E+00 +000E+0Q0 =-+B64E+01
«094 1060 =+141E+01 «233E-01 =+141E+01
o145 14489 =-+207E+01 «156F+01 =+207E+0]
«196 1.862 =+307E+01 «116E+01 -+307E+01
« 245 2.080 =+134FE+01 «000E+Q0 -+ 730E+01
+290 2.107 +206FE+00 +000E+00 =-+116E+02
s 092 1758 =-e14BE+01 e 633E+00 =+168E+01
e 152 2. 657 =«275E+01 e 21 7E+Q1 -+275E+01
« 208 3268 - 41 4E+01 e 137E+01 =« 414E+01
«239 3+557 =~+15S5E+01 « D00E+0Q00 =-+994E+01
«307 3508 +524E+00 «0Q0E+00 =-«155E+902

ElL

dbidie o

A

[PRRENE " L PV ZE TN IR IR 7L TS SR Y LN Oy A W SN

FOOTS

IMAG
+000CE+0QO
+000E+0QO
+000E+00
+ 000 E+0O0
«Q000E+0QO
+000E+QO
+000E+0O0
«000E+00
«000E+0O
«000E+0Q0
«000E+00
« 782E+Q0
«000E+QO
+ Q00 EK+0O0
+000E+00
«233E-01
+156E+01
«116E+01
«000E+00
+000E+0QO
« 633E+00
«217E+01
«137E+01
+000E+0O0
+000E+QO

i
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R=1851

TABLE E-8

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

T CDEL
Qo « 167
3 « 248
de «379
Se 474
6. . 491
2 + 186
Je «29¢
e . Qa2
Oe + 556
€ e 05
R « D EY
3 « 437
o « 609
Se « 710
6. « 712
20 c3/12
3. + SB3
He « 760
Se 812
6o « 712
2. .363
3e « 681
4o « 835
Se « 793
() « 539

RIS WV PR T £ 5 T2

BETA=10. DEG
DRAFT EHP
+114 0.131
« 151 Q144
+196 0.200
«236 (£.258
+ 257 04298
«Q96 0.273
« 134 0.325
e 177% Qe 432
220 0+537
255 0« é0R
«093 Qs 0€2
«136 04736
184 0.947
229 1.108
270 14181
+093 1.050
143  1.472
« 194 18406
243  2e0O72
287 24112
+ 091 1+ 738
+ 151 2+ 632
+ 206 3.+.248
« 257 34550
+305 3.514

L

XG=1e6

26G=-0+ 75

DIRECTIONAL STABILITY RJYOTS

REAL

-«274E-01
=+ 31 7E+0Q0
=« 221E+00

+ 23 6E+00
+933E+00

-e 645K-01
=« £49F+Q0
=+ 590E+00
e 242E-01

« T7T6E+00

-« 370E+00
-1 49F+01
~+ 189E+01
= 664[‘:"‘00

+ 409E+00

-« 1 24E+01
=+ 205E+0]
~«303E+01
-+ 137E+01

«167E+00

- 1 (‘7F+01
=+ 273E+01
-+« 409E+01
~«161E+01

¢ 481 F+0C

E15

IMAC
«000E+00
+« 000E+00
» O00E+00
«000E+00
« QOGE+00
+000E+00
«000E+Q0
«Q00E+00
« 000 E+00
«OQ0E+00
«Q00E+00
« 7T70E+00
«+000E+0O0
+Q00E+00
+C00E+0Q0
«000E+00
« 155E+01
+121E+01
+Q00E+00
«000E+00
« SRYE+00
« 21 7E+01
« 146E+01
+000E+00
+000E+00

REAL

=« 140E+01

-+ 106E+Q1
o1 62E+01
«294E+01
« 43BE+01
«183E+01
« 145K +01
«226F+01
« 402K+01
o« 61 TE+01
«194F+01
e 1 49E+01
+239E+01
« S39E+01
«B49E+0]
+156K+01
«205E+01
+«303E+01
« 71 SE+01
«114E+02
«1 67E+01
«273E+01
« 409E+01
-+978E+01

-« 1 54E+02

IMAG
«000E+QC
+ 000E+QO0
«000F+00
«000E+0O0
+CO00E+0Q0
«000E+0D
+ 000E+0O0
+000E+Q0
«000E+00
+ 000 k+0Q0
«D0JE+00
« TT0E+Q0
+000E+QO
«000E+00
«000E+00
«000E+00
«155E+01
+121E+01
+000E+00
+000E+Q0
+« S5S89E+00
«217E+01
e 146E+01
«000E+0O0
«000E+00
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cv
2.
e

<

(e ]

Qe
3
3.
3o
30
4
4
4
4
4
Se
S
S

5.
64
&
6.
6.
6o

AN W) -

LJ L4 L

S5e

2
3.
de
Se
(X
2o
3
4
5-
6o
2.
3.
be
b
2
3.
4
5.
6.

COFL
« 165
<241
+ 363
+ 455
478
s 1R
+ 291
v 4358
+ 550
s 6006
1262
» 432
+ 603
+ 710
«72)
+ 338
« 577
+ 758
817
+ 727
+ 358
« 676
+ 836
804
+ 554

R-1851
JABLE E-9
STRAIGHT COURSE EOUILIBRIUM AND STABILITY
BETA=10. DEG XG=1. 6 ZG6z-1.00
DIRECTIaNAL STABILITY RUBTS
DRAFT FEI'p REAL IMAG REAL ImaG
113 04130 “e2498~Q1  JQ00E+00 "+ L40E+01  +000E+00
« 149 0.14) =+ 306E+00  +000E+00 " 106E+0!  .000E+00
<192 Q4194 =+ 202E+QQ  .QOUE+QQ "+ 139E+01  .000E+00Q
*229  0.251  .257E+00 *O00E+00 ~.2R3E+0] *+Q00E+00
250 0.293 *943F+00 .+ Q00E+00 Te421E+Q1 +000E+0QQ
096 Q.27 e 811E=0)  JDO00E+00 =+ 1B3E+01 +D00E+00
+ 132 Q.32 "+ 632E+00 +000E+00 “«l46E+Q01 .Q00E+00
175 (.40 e 574E+00 +QODE+00 -.224E+0] +000E+00
<216  0.530 =« 139E~01 «n0Q0E+Q0 =+ 394E+01 +00Q0E+00
«23Y  D.6DS « 777E+00  +000E+00 T+ €04E+01  <DO00OE+0D
+093 n.58g =+ J60E+0C < Q00QE+0Q =+ 194E+01  .Q00E+00
135 0.727 el 4BE+01 4 758E+00 “«14BE+D}) . 758E+qQ0
181 0.93¢ =e193E+01 *000E+00 -+229E+D) -000E+Q0
226 1.10] S 669E+0C  +000E+00 ~+ 529E+0] -000E+00Q
267 1.lg2 *372E+00  «000E+00 “+B33E+01 .000E+0Q
<092 1.039 Tel167+01  «0Q0E+00 =+« 162E+01  +000E+00
142 1.455 "+ 203E+C1 < | 54E+01 “e203E+01 -.154E+0]
192 1.830 Te299E+01  +125E+0] "e299E+01 =4 125E+0]
* 240 24065 S AE+01 J0p0E+00 =« 701E+0] +000E+00
+285 24116 »128E+00  «002E+00 e l13E+02 <0D0E+Q0
00 1718 e 165E+01 54100 =+ 165E+0] ~+541E+Q0
149 2.607 Sr270E+01 W21 6E+0) “+270E+0] ~.2]6E+0)
204 3.2p28 T»A05E+01 .1 55R+0] “+403E+Q] -«155E+Q]
«256 34543 Sl E6E+0)  «QOOE+Q0 "2 9¢CE+0) W 0DOE+DD
304 3.520 * A36E+00  +0DOE+00Q "o 152E~12  J000E*0D
€16
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O
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2
3.
4
Se
€
2
3.
4
Se
6o
2.
3.
4e
5.
6o
2
3.
4
Se
6
2.
3.
4
Se
b

CDFL
+053
1097
127
+ 159
192
+053
+ 123
191
267
+ 350
+055
+135
221
+ 322
. 442
077
+ 136
+ 204
+ 302
* 451
+115
« 147
+ 180
+ 235
« 381

ﬂmg.i'-‘;udz--. e lem G 85 3 20 & 4 s o

R=1851

TABLE E-10
STRAIGHT COURSE EQUILIBRIUM

.4--nuI-III!.IIIII...IINIIII..E;_ -~

AND STAEILITY

IMAG

+000E+00
+Q0Q0E+0Q0
+000E+00Q
«000E+0Q
+000E+00
+000E+00
+000E+0D
+000E+00
+000E+00
+Q00E+00
+000E+00
+000E+00
+000E+00
+000E+DO
*D00E+00
*000E+0QD
+000E+QQ
+000E+(0
+000E+0Q0Q
+000E+0Q
+000E+00
+000E+Q0
*Q00E+0Q0Q
+000E+00
+000E+QO

BETA=15. DEG XG= .8 ZG=~0, 80
DIRFCTIOANAL STABILLI TY ROJTS
DRAFT EHP REAL IMAG REAL
+054 0.102 + 32 6E+D0 +000E+00 =+« 400E+0D
+107 0115 =e202E+00 +00Q0E+00 =+ 5B 6E+QD
«130 0.1'8 » 262E+00 +000E+00 =+377E+00
«143 Q129 s 242E+0) +00GO0E+00 =+ 395E+Q0
«155 Q4145 + 620E+0 +000E+00 ~+ 456E+00
+Q063 0s192 ' 279E+060 +000E+00 =«57T1E+00
+092 0.21) =« 2N T7E+DQ + 000 E+00 =e 647E+00
+110 0.230 +397E+00 +000E+0Q0 = 433E+00
+126 0.265 + 274E+0 +000E+Q0 =« 486E+00
“144 0.317 e 67T4E+0] »00QE+00Q =+ 536E+00
055 0.313 *+ 348E+00 *»000E+Q0 -« 742E+00
+073 0.333 ~«232E+00 «000E+00 =+ 599E+0Q0
<086 D.369 + 49BE+00Q +000E+QQ =+ 371E+00
+10) 0+ 439 °o 30 6E+0 ] +«000E+00 =+ 463E+00
122 0.552 s T727E+01 +000E+0Q0 =+ 558E+00
+052 04564 C 461 E+00 +Q00E+00 =+819E+00
+060 0.526 =+ 197E+00 +000E+00 = e 4B4E+QQ
066 0.531 » 754E+00 +000E+0Q0 =+350E+00
W76 0+622 +348E+0] +000E+0Q0 =2 44TE+QQ
+099 0.833 + T8 TE+0 +000E+00 =+ 549E+0Q
057 1.t16 « 655E+00 +000E+Q0 =+ 798FE+00
058 0.945 +S86E-D1 +000E+Q0 =« 412E+00
058 0.870 s 128E+D1 +00QE+Q0 =+ 429F8+Q0Q
+061 0.897 «411E+01 «000E+00 ~+501E+00
«+ 081 14197  +865E+01 «000E+0QD -+« 568E+00
E17
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2
2
20
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3e
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4
be
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6o
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3.
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R=1851

TABLE E-11

STRAIGHT COURSE EQUILIBR'UM AND STABILITY

CDEL
« 048
+ 095
124
+154
« 183
«052
«+ 120
+ 186
« 258
«337
+054
+« 131
« 307
« 42
+076
+ 132
0192
279
c422
114
144
«1 71
211
«349

BETA=15. DEG
DRAFT EHP
+051 0.099
+106 0.115
+128 0.117
+140 00127
+150 0.141
+063 0+191
+091 0.208
+108 0.226
+123 0.258
+140 04306
+055 0.312
+072 0.328
+084 04358
+097 0.42])
+117 0526
+052 04562
+059 0+518
«063 0.510
«Q72 04583
+093 0.782
+056 1.111
+058 04954
+056 Q846
+058 0.843
«076 1.121

ks Soa,

IMAG
+000E+00
+«000E+00
+000E+00
+000E+00
+000E+00Q
+Q00E+0QO
+00JE+00
+0COE+00
+000E+00
+000E+00
+000E+00
+000E+00
+000E+00
+00QE+00
«000E+0QO
+000E+00Q
+000E+00
+000E+00
+»000E+00
+000E+00
«000E+00
+000E+00
+000E+00
+000E+00
+000E+00

XG= «8 Z2G==0¢75
DIRECTIONAL STABILITY ROOTS
REAL IMAG REAL
+ 336E+00 +000E+00 -+ 407E+00
~+197E+00 +000E+00 -+ 594E+00
+261E+00 +000E+00 -+381E+00
+241E+0! +000E+00 -+395E+00
+ 618E+01 +000E+00 =+ 455E+00
+CBOE+00 «OQOE+00 =+573E+00
+202E+00 +000E+00 -+ 655E+00
+ 392E+00 +<000E+00 =.+435E+00
«272E+01 +0O00E+00 =+ 463E+00
+ €71E+01 +000E+00 =-.+S31E+00
+349E+00 -QO00E+00 =-. 744E+00
+218E+00 +000E+00 =.617E+00
¢« 49BE+00 +000E+00 =-+«380E+00
+304E+01 +000E+00 =.461E+00
« 723E+01 +000E+00 -+ SS1E+00
¢ 463E+00 +000E+00 =.+B8B22E+00
» 1 62E+00 +000E+0Q0Q =-.523E+00
¢+ 7T67E+00 +«000E+00 =-.372E+00
+346E+0] «O000E+00 =+ 452E+00
+« 1B4E+01 +000CE+00 =-.«544E+00
+ 658E+00 «000E+00 -.803E+00
+871E-01 +000E+00 -+ 444E+00
*»130E+01 «00O0OE+00 =+451E+00
+411E+01 «000E+00 -+514E+00
+B62FE+01 «000E+00 =+568E+00
E18
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cv
2
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2
De
3
3
3.
3.
3.
0
4o
4e
4e
4e
Se
Se
Se
Se
Se
be
6o
6o
()
6o

30
le
50
()
2-
3.
4e
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2
30
b
Se
6o
2.
3.
4.
Se
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3.
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Se
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R=1851

TABLE E-12

STRAIGHT COURSE EOUILIBRIUM AND STABILITY

CDEL
093
121
+ 148
174
+051
+118
« 181
249
+ 323
+ 052
+ 128
«205
« 292
+» 401
«075
127
« 181
256
« 392
112
« 140
» 161
« 188
« 316

\

IMAG
+000E+00
+0J0E+00
+OVU0E+00
+O00E+0O0
+000E+00
+000E+0O
+000E+QO
+Q00E+00
+000E+0Q0
+Q00E+00
+000E+00
+000E+00
+O00E+00
+000E+00
+000E+00
+CO00E+00
+000E+00
+000E+00
+000E+0Q0
+O00E+QO
+000E+00
+Q00E+00
+000E+0O0
+000E+0Q0

RETA=15. DEG XG= .8 zG=-1.00
DIRECTIONAL STABILITY ROOTS
DRAFT EHP REAL IMAG REAL
«105 0¢114 =-«192E+00 +<OQ0O0E+00 =« 602E+00
126 0¢116 +260E+00 +000E+00 =-.2386E+00
+138 0+124 «240E+01 «000E+00 =+396E+00
146 04137 +616E+01 +OO00QE+00 =-.+453E+00
063 0.190 +281E+00 +000E+00 -+374E+00
Q090 0+206 =+197E+00 +000E+Q0 -+« 663E+00
«107 0.222 «3RBE+00 +000E+00 =-.438E+00
«120 0.+251 +271E+01 +«000E+00 =-.+461E+00
+135 0.296 +668E+01 +000E+00 -+526E+00
+055 0-.310 +330E+00 +000E+00 =+ 746E+00
«071 0.323 =-+.204E+00 +0COE+00 -+ 634E+00
+08B2 0+348B +499E+00 +000E+00 =-+389E+00
+094 0.403 +303E+01 +OOOE+00 =-+460E+00
111 0+501 «720E+01 «GOOE+00 =+3544E+00
+052 0559 +465E+00 +QV0E+00 =-+B26E+00
+058 04509 -+134E+00 «O0O0OE+00 =-+555E+00
«061 0+491 «781E+00 +O0OE+00 =-«395E+00
+068 0+543 +3455+01 «00C0E+Q0 =-+458E+00
«087 0+731 «+781E+01 +000E+0Q0 -+539E+00
«056 1+107 +661E+00 +000E+Q0 -.B0BE+QO
«057 0+944 +112E+00 +O0O00E+00 -+«473E+00
+055 0.823 +131E+01 «000E+00 -.472E+00
+054 0.790 +410E+01 +000E+00 =-.528E+00
071 14047 «+859E+01 +000E+00 -«569E+00
E19
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cv
2.

0

o,
2
2o
3.
3.
34
3
3.
Lo
e
e
4o
e
Se
Se
Se
Se
Se

6o
(X
6o
(X

T
D
3.
Je
So
6-
20
3.
PAS
Se
Co
De
3
e
Se
G
2.
3.
de
S5
6o
20
3.
4o
Se
6>

STR
3dETA=15. DEG
CDEL DRAFT EHP
«145 +108 0155
« 177 o147 0149
«226 «178 04155
+289 209 0.175
=017 <048 0042
+138 +093 0.273
2+ 229 <129 0.303
« 227 150 De 341
o A0 U R e AN
535 <21 04479
¢+ 158 <081 0. 468
227 113 0550
« 420 « 140 Qe 644
+ 557 168 0.766
+ 687 <196 0.915
+ 196 +«076 0+826
v 326 099 0.926
« 473 L1290 1079
e 628 147 1.282
« 777 e 174 1528
+228 <076 1.473
+327 +0€89 1.502
+ 460 <106 1.664
+6'3 127 1.939
¢ 768 +152 2.301

R=1851

TABLE E-13

“IGHT COURSE EQUILIBRIUM AND STABILITY

XG=1.2 26=-0.50
DIRECTIJNAL STABILITY RQOTS
REAL IMAG REAL IMAG
~s T44E-01 +O00E+00 -+127E+01 +000E+QO
=+ 260E+00 «0O00E+00 ~«131E+0] +000E+0Q0
-+ 128E+00 .OQOE+00 -+107E+0] + 000E+0Q0O
+ T65F+00 «000E+00 =-.923E+00 +000E+00
«231E+01 + O00E+00 -+881E+00 «000E+0Q0
-« 858E-01 +O00E+00 -+1 63E+01 +000E+00
~« 41 6E+00 < OQO00E+00 -.144E+01 «000E+0C
Se 413E+00 < O000E+Q0 =~+99 7:+00 + 000 +NQ
. EZLIF 00 sOCOE+O0 =e 9 60L+00 +000L+00
s 27T6FA01 +0NQE+00 -1 10E+01 +000LE+00
=+ 138E+00 +Q00E+00 -«184FE+01 +0D00E+0Q0
=« 102E+01 «205E+00 ~.102E+01 =-+205E+00
e TS55E+00 ¢« TN 6F+00 -+ 755E+00 =« 71 6E+00
=« 244E-01 +000E+0r -.257E+00 +000E+00
«27T1E+01 +000E+ "0 -«969E+00 +000E+00
=+ 333E+00 +0COF U0 -+1B6E+01 «+000E+00
=« 107E+01 o 17 *00 -«107E+01 =« 775E+00
=e 7S1E+00  +170E+01 =4 751E+00 -+120E+01
-«860E-01 +103E+01 -+«860E-01 =-+103E+01
« 2S5RE+01 +OCOE+00 -+ 621E+00 +000E+00
~« 621 E+00 +«000E+00 =-+1 T0E+01 «Q00E+00
~s 107E+Q1 +106E+01 ~«107E+01 =-+106E+0]1
e A93E+0"  «146E+0)1 =+ 693E+00 -.146E+01
« 263E-01 + 134E+01 +263E-01 -+.134E+01
«261E+01 «000E+00 =-.322E+00 +000E+0Q0
£20
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R-1851

TABLE E~4

STRAIGHT C2URSE EQUILIBRIUM AND STABILITY

CDEL
e 143
«173
« 220
« 280

«135
« 225
321
« 423
524
«155
« 281
v 411
. 546
e 675
«192
«319
.« 462
e 614
« 762
204
«319
. 448
¢« 597
e 749

BETA=15. DEG
DRAFT EHP
+107 0+154
+145 0.148
+176 0+152
«204 0.172
« 092 0.271
+127 0.299
+157 04336
+185 (C.392
+213 044068
+080 0. 463
<111 0.541
+138 0631
164 0.748
«192 0.892
«075 0817
«+097 0.910
+ 120 1054
« 144 1249
«170 1.487
«075 ]-1161
+ 088 14478
+ 104 1.625
+124 14885
« 147 2.235

IMAG
+000E+0QO
+000E+00
+000E+00
«+000E+0O0

» 000E+00
+000E+00
+000E+D0
«00CE+QO
+000&+00
+000E+00

-+135E+00
-+ 694E+00

»000E+00
+000E+00
- 000E+00
=+ 745E+ Q0
-«117E+01
-« 100E+01
+000E+0O0
+000E+00
=+103E+01
-+ 143E+01
-« 130E+01
+000E+00

XG=ij.2 ZG==0.75
DIRECTIGNAL STABILITY ROUTS
REAL IMAG REAL
=+ 706E~-01 +0O00E+00 -.128E+01
=+ 254E+00 +000E+00 =-+132E+01
-+« 123E+00 +000E+00 -+<109E+01
*» 754E+00 +000E+00 =-+941E+00
-«813E-01 +00CE+00 =-.163E+01
=« 406E+00 +000E+00 =-+145E+01
-+394E+00 .000E+00 =-+102E+01
+ 674E+00 +000E+00 =-.972E+00
«272%+01 +O0O00E+00 =-«111E+01
=+ 149E+00 +000E+00 -+184E+01
~«103E+01 «135E+00 --103E+01
=+ 158BE+00 « 694E+00 -« 758E+00
+225E-01 +<000E+00 -.321E+00
«+26BE+01 +000E+00 -.972E+00
-«317E+00 «00O0E+00 -+188E+01
=+ 107E+01 o« 74SE+00 =.107E+01
-+ 753E+00 +117E+01 =-.753E+00
=e924E-01 «100E+01 =.+924E~-0]1
« 256E+01 +000E+00 -+ 632E+00
-+ 592E+00 <000E+00 =~+173E+01
-« 107E+01 «103E+01 =-+.107E+01
=+ 694E+00 .« 1 43E+01 =« 694E+00
+218E-01 «130E+01 «218E-01
+263E+01 +000E+00 =-+356E+00
E21
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R=1851

TABLE E-15

STRAICHT COURSE EOQUILIBRIUM AND STABILITY

CDEL
.140
170
215
271

«132
221
« 314
41 4
«513
« 151
«275
« 403
« 534
0662
« 188
« 311
e 451
« £00
. 746
« 221
« 312
« 435
« 580
« 730

BETA=15. DEG
DRAFT EHP
+106 04153
«143 0.146
173 0.15]
+ 200 O0<169
091 0.268
+126 0.295
+154 0.330C
«181 0.384
*209 0.458
«079 0.458
«109 0.532
+135 0619
«161 0,731
+187 0.870
+074 0.808
096 04894
117 14029
«+140 1.215
+ 165 1.445
+ 075 1.450
*087 1455
+102 1.586
+120 1.83]1
e 143 2.167

DIRECTIONAL STABILITY ROJTS

XG=1.2 ZG==1.00
REAL iMAG
=+« 669E-01 +000E+00
=« 249E+00 «000E+0O
=+«117E+00 +000E+00
¢ T44E+00 «000E+00
-+ 769E-01 +Q00E+0C
=« 397E+00 +000E+Q0
=« 377E+00 +0Q00E+0Q0
« 66€6E+00 <000E+00
+269E+01 «000E+0Q0
=« 141E+00 +000E+00
-+951E+00 +000C+00
=+ T61E+00 «672E+00
« 623E-01 «000E+00
+266E+01  «000E+00
=« 302E+00 .«000E+00
=« 107E+01 +713E+00
=« 755E+00 «114E+01
~e984E-01 «971E+Q0
«255E+01 +000E+00
=+ 564E+00 +000E+00
~«107E+01  +991E+00
=+« 695E+00 +139E+01
¢+ 178E~-01 « 124E+01
« 265E+01 +000E+00

E22

H

REAL
«128E+01
«133E+01
+111E+91
*+958E+00

+163E+01
« 1 47E+0Q1
+105E+01
+983E+00
«112E+01
*» 185E+01
+110E+01
« 761 E+00
«376E+00
*«97SE+00
« 189E+01
+107E+01
» 755E+00
*+984E~-01
« 645E+00
« 1 75E+01
«107E+01
« 695E+00
«178E-01
+393E+00

IMAG
+000E+00
+000E+00
+000E+00
+ 000 E+00

«000E+00
«000E+0O0
+000E+00
+000E+00
+00CE+00
«000E+00
+ 000E+00

“ e 672&:"’00

+000E+0C
+000E+00
+000E+Q0
-+« 713E+00
=« 114E+01

-« 971E+00

+000E+00
+000E+00

-+991E+00
-+ 139E+01

=« 124E+01
+ 000E+00
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STRAIGHT COURSE EQUILIBRIUM A

R

R=1851

JABLE E~16

ND STABILITY

BETA=15. DEG  XG=1.¢ ZG=~0.50
; DIRECTIGNAL STABILITY RoOTS
. CV. T CDEL DRAFT EHp REAL IMAG REAL IMAG
2. 2, .0326 4178 Q.2138 ~«298E+00 . 00GE+00 “«2B6E+01 <000E+00
2+ 3+ 363 .217 gQ.200 Tt 441E+00  .000E+00 -.236E+01 +000E+00
2e  4e <436 262 0.227 T*3B7E+00  J000E+00 ~.224E+01 «00QE+QQ
2  S¢ 4526 .314 (.25¢ “+BO2E-01 .000E+00 -.237F+Q1 «+000E+00
20 6. 4613 4379 0.3)) *434E+00  +000E+00 -.242F+01 +000E+00
3¢ 2. 4301 144 0.a430 ~+378E+00 +000E+00 "+ 345E+01 +000E+00
3¢ 3. 4383 182 0.42¢ T+ 692E+00 . 000E+00 -.285F+(] +000E+00
3¢ 4o L4BR  .218  Q.4g7 Tc 735E+00 . 000E+00 -.274E40] +000E+00
4 2e 4348 .130 0.775 Tr6A1E+00 4 000E+00 -4 379E401 +000E+00 y
4 3¢ 471 4164 D.BeB “+136E+01  .000E+00 -.27gE+0Q] +000E+00 :
4 A4c 4599 L1986 D.9ag ~+203E+01 . 412E+00 “+203E+01 ~.412E+Q0 ‘
405+ 2721 .22 1.076 T+131E*0t < 00QE+00 -.282F+01 «000E+Q0 i
S+ 2+ 4403 .120 1.335 “+107F+01  .CO0E+00 -.392F+0] +000E+00 3
e 3¢ <538 .148 1.459 T+2322+01 4 93BE+00 -.232E+0] ~+938E+00 A
S Ae L 681 4177 1.e30 Te226E+01 . 152E40] “e226E+01 ~.152F+Q] 18
St 5. 4819 4205 1.8546 Te228E+01 . 14SE+0) "+ 228E+01 ~.145E+0] i
6+ 2. .420 .111 2.158 "+ 148E+01  <000E+00 -.399E+q1 «000E+00Q i
6+ 3¢ .547 4133 g2.293 Tr851E+01 1478401 -.251840] "+ 147E+01 %
Se 4. 4692 157 2.53% Te243E+01 J207E+0] “+243E+01 -+207E+01 i
6+ S. .835 .|go 22 B40 ~.242E+D) * 21 6E+01 ~og242E+40) -+ 21 6E+0] ;
6+ 6+ 4961 .208 3.197 T244EH01 c166E401 -.pa4E401 =+ 1 66E+D) .
oy
i
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R-1851

TABLE E-17

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

CDEL
. 320
353
. 422
508
<590
«296
.382
. 481
.« 580
. 664
<344
.« 465
. 592
e 714
<819
«398
« 531
.« 674
v 811
.+ 931
» 416
. 540
. 683
. 826
.+ 952

BETA=15. DEG
DRAFT EHP
«176 0.236
«214 0.216
+257 0.222
« 306 0+249
« 366 0.301
«143 04426
+ 180 0. 441
«215 0.480
+250 0.542
+285 0627
=128 04767
«162 0.837
«194 (0.934
«225 1.059
«255 1.210
+119 1.323
147 1.441
+175 1.609
«202 1.817
+230 2.057
« 110 2.14
+ 132 2.266
«155 2.495
« 179 2.795
+ 204 3.144

2o EORLEC T S e S S

IMAG
+000E+00
+000E+00
+000E+0Q0
+000E+00
+000E+00
+000E+00
+000E+Q0
+000E+00
+ 000E+00
+CO0E+00
~000E+Q0
+000E+00
+ 337E+00
+000E+00
+000E+00
+00CE+00

=+899E+00
~+149E+01
-+ 141E+01

+000E+00
+000E+00

-« 143E+01
=+204E+01
=«212E+Q1
=+«161E+01

XG=1+6  2G==0.75
DIRECTI@NAL STABILITY ROGTS
REAL IMAG REAL
-+291E+00 +000E+00 =+287E+01
=+ 430E-00 +000E+00 =+238E+0]
-+373E+00 +000E+00 -+22B8E+01
=+ 7T16E=01 +000E+00 =-+246E+0]
« 428E+00 +000E+00 -+260E+0]1
=+371E+00 +Q00E+00 =+34SE+01
=+ 679E+00 +000E+00 =+286E+0]
-+ 718E+00  +000E+00 =+276E+01
=+ 360E+00 +000E+0D =+318E+01
-254E+00 +000E+00 -+3BBE+0]
=+ 629E+00 +000E+00 =+379E+01
-+ 132E+01 +000E+00 -+281E+01
-+203E+01 +337E+00 -.203E+01
-+ 127E+01 +000E+00 -+286E+01
-+358E+00 +000E+00 =+38BE+01
=+« 104E+01 +000E+00 -.393E+0]
-«231E+01 +899E+00 =-+231E+0]
=+226E+01 +149E+01 -+226E+01
-+ 228E+01 +141E+01 -.228E+01
-+ 180E+01 +000E+00 =+284E+01
=+ 145E+01 +000E+00 =+ 401E+01
-+250E+01 +143E+01 =+250E+0]
-« 242E+01 2+ 204E+01 - +242E+01
-+ 241E+01 +212E+01 =-+241E+0]
“«244E+01 +161E+01 -«244E+01
E24
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R=1851

TABLE E-18

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

DIRECTIONAL STABILITY ROITS

BETA=15. DEG XG=1+6 2G=-1.00

CDEL DRAFT EHP REAL IMAG

«314 174 0+233 -«284E+00 +000E+0O
«344 211 04213 =« 419E+00 +GCO0E+00
« 408 o252 0.217 -«360E+00 +000E+00
« 490 298 04243 =« 6272E-01  +000E+Q0
568 «354 04291 +427E+00 «0Q00E+Q0
292 142  Qe421 =«3¢C4E+00  +000R+00
376 o178 06435 -+ 666E+00 «000E+0D
474 +213 04473 =+ 702E+00 «OCOE+CC
«571 +247 0+.534 -+349E+00 +«0Q00E+0O
« 656 +281 0.616 «256E+00 -000E+QO
«339 +127 0.760 =.617E+00 <000E+0Q
+ 459 4160 €827 =+129E+01 +» 000 E+00
+ 584 +191 0+.921 -.203E+01 « 240E+00
+ 706 221 14043 -+123E+01 +000E+00
812 4251 1190 =«347E+00 +000KE+00
+393 118 14310 -+«102E+01 +000E+00
«525 145 14423 -.231E+01 +8O5BE+0O
s 666 o172 1.585 =-«225E+01  «145E+01
«B03 <199 1788 -+228E+01 +137E+01
+ 923 +226 2.023 -.172E+01 .000E+0O
eall 110 2¢124 =+142E+01 «000E+00
+533 +130 2.239 ~-+250E+01 «139E+01
« 675 153 2+458 -.241E+01 + 200E+01
817 177 2749 =+4241E+01 + 20BE+01
2943 +201 34091 =+«243E+01 +155E+01

E25

Sho o it B . PRy

REAL
« 28 7E+01
«239E+0
«232E+01
«253E+01
«2T6E+01
e 3AHK+01
28 TE+0D
2 TH8E+01
«321E+01

"« 391E+0!

«380E+01
«233E+01
«202E+01
«290E+01
¢ 391E+01
¢ 394E+01
«231E+01
«225E+01
¢ 224E+01
«293E+01
¢ 40301401
«250E+01
s 241E+01
2 41E+01
«243E+01

R B T ey R T L ey

IMAG
-000E+00
+000E+00
-000E+00
-000E+00
«000E+00
c000E+0OD
<000E+00 A
«000E+00 .
+000E+00 :
<000E+00
«000E+00
<000E+00

- +240E+00
<000E+00
«000E+00
«000E+00

- +858E+00

- «145E+01 |

-« 137E+01 oy

1

«000E+00

«Q00E+00
=+ 139E+01 {
-+200E+01 I
- +208E+01 i1
-« 155E+01

UL AT SRR



R=1851

JABLE E-19

STRAIGHT C@URSE EQUILIBRIUM AND STABILITY

IMAG
+000E+00
+000E+00
+000E+00
+000E+00
«000E+0Q
+000E+00
+000E+00
+000E+00
+207E+00
+000E+0O
+000E+00
+000E+0Q0
+000E+00

-+ 595E+00
-« 387E+00

+000E+0Q0
+000E+0Q0

~+471E+00
-«892E+00
-« 777E+00

+000E+00

=+ 685E+00
-+ 107E+01
= +929E+00

BFTA=20. DEG XG=z 8 Z2G=-0.50
DIRECTIONAL STABILITY RGOTS

cv T CDEL DRAFT EHP REAL IMAG REAL

2. 24 «115 +«104 0+079 -+285E+00 +000E+00 -.118E+01
2« 3. +092 111 04064 ~e247E+C0  +000E+00 =-.154E+0]1
2 4 *+108 <127 0+073 ~+254E+00 +000E+Q0 -.138E+01
2e 3¢ «043 <085 0+073 -+850E-01 +000E+r0 -.149E+01
Qe 6+ +050 +094 04090 <240E+00 +000E+00 -. 722E+00
3e 26  +061 <072 O0+205 =+264E+00 +000E+00 =-.1 79E+01
3. 3+« 092 <091 0+¢191 -.320E+00 +000E+00 -.186E+01
3 4o 152 e114 04216 -¢414E+00 «000E+00 -+147E+01
3¢ S5¢ 220 135 0¢259 -.S8SE+00 «207E+00 -+ 585E+00
3¢ 6o *281  «150 0+311 «453E+00 +00C=+00 =+ 425E+00
4e  2¢  +023 +058 0283 -268E+00 +000E+00 -+208E+01
4¢ 3+ +102 +082 0+330 ~+430E+00 +000E+00 -« 192E+0!
4+ 4+  +190 103 0395 =-.723E+00 +000E+00 -+.129E+01
4e 5+ +278 120 0471 =.631E+00 +595E+00 =-.631E+00
bde 6o *352 <132 0+552 ~+114E-01 +387E+00 =-.114E-01
S« 2. +006 <057 0488 ~.286E+00 +000E+00 -.215E+0]1
5S¢ 3 +103 <076 04577 =+S545E+00 «000E+00 -.187E+01
Se 4e  +208 <093 0+689 ~+102E+01 «471E+00 -« 102E+01
Se S5« «306 105 0+815 -.620E+00 +892E+00 -+ 620E+00
Se 6o *382 +113 0+940 .250E-01 +777E+00 .250E-01
6« 3. « 081 *071 1100 -«573E+00 +<000E+00 -.181E+01
6o 4e + 191 «083 14263 -+979E+00 *« 685E+00 -.979E+0Q0
6 S. 288 .091 1e446 =+ 552E+00 +107E+01 -.552E+00
6 6+ <350 <094 1.623 +125E+00 +929E+00 +125E+00

E26
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cv T
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R=1851

TABLE E-20

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

CDEL
«113
+ 089
+103
IOAS
0054
Qosg
+ 089
147
211
« 268
«022
+ 099
<184
268
+ 336
+ 006
+ 101
+ 201
¢ 294
362

0079
+ 185
276
+ 330

BETA=20. DEG
DRAFT EHP
<104 04079
+110 0.063
«124 0.072
+0B7 0.074
+ 096 04091
+071 0.203
+089 0.188
<111 0.211
«+131 0.253
+145 0.301
+057 0.282
+031 0.324
+10! 0.+385
+117 04457
« 127 0.532
« 057 0.487
+076 0570
«091 04674
«103 0«70}
« 109 04906
+070 1.094
+082 1.245
+089 1e414
«091 1577

IMAG
+000E+Q0
+000E+00
+000E+00
+000E+00
+000E+0Q0
+000E+00
+000E+Q0Q
+000E+00
¢ 1 74E+00
+000E+00
+000E+0QO0
+000E+00
+000E+00
+ SBOE+0Q0
+ 39 7TE+00
+000E+00
+000E+00
+ 441 E+00
«LI2E+00
« T60E+00

+000E+00

+9B1E+00 -+ 660E+00
« 55SE+00 -+«105E+01

XG= 8 2G=-0.75
DIRECTIONAL STABILITY ROOTS
REAL IMAG REAL
~«2B1E+00 +0Q000E+00 =-.119E+01
=«242E+00 «000E+00 -.156E+0]
=+245E+00 +000E+00 =«142E+0)
~«874E-01 +000E+00 -+147E+01
«246E+00 +000E+00 -+ 712E+00Q
~«261E+00 +000E+00 -+181E+01
=+313E+00 +O00Q0E+00 =-.188E+01
4-403Ef00 +000E+00 -+«150E+01
=+ 600E+00 +174E+00 -. 600E+00
*+407E+00 +000E+00 =« 418E+00
~+266E+00 +000E+0Q0 -.208E+01
=+ 423E+00 +000E+00 =+194E+0!
=+ 692E+00 +0COE+00 =.134E+01
=+ 641E+00 « SBOE+00 -, 641E+00
=+251E-01 «397E+00 -.251E-01
=+285E+00 +000C+00 -+215E+0]
=+536E+00 +000E+00 -.188E+01
=~ 102E+01  + 441E+00 -«102E+0]1
= E2T714H00 IHARIHAON = e 62 T7H4Q0
1 C1E-01 « TE0E+00  « 1 61E-01
=+ 564E+00 +000E+00 -.182E+01
~+981E+00 .660E+00 -
=+ 555E+00 +10S5E+01 -
+ 120E+00 +890E+00

E27

+120E+00 =-+890E+0Q0
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R=1851

TABLE E=-21

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

CDEL
111
« 086
«098
+ 048
+ 058
« 058
« 086
.141
0203
- 255
« 022
«096
«178
0258
« 319
+ 006
« 098
L] !95
«283
« 344

~077
.179
+ 265
+ 312

BETA=20. DEG
DRAFT EHP
+108 0.063
+121 0.071
+088 0.075
+098 0.093
«070 0.201
+088 0.185
+109 0Q.207 -
127 0.246
+140 0.291
«057 0.280 -
+080 0.319 -
+099 0.375 -
*114 Qed42 -
123 0.512 =~
+057 0D.487 -
+075 0563 -
+Q090 0.659
*100 0.767 =~
«070 1.087 -
« 081 1.228 =
+087 1.384 -
«+088 1.533

IMAG
+000E+00
+000E+00
+000E+00
+000E+00
+000E+00
+000E+0Q0
+000E+0Q0Q
+000E+QQ
«124E+00
+000E+00
+0COE+QO
+000E+00
+000E+Q0
+ 562E+09
« 401 E+00
«000E+00
+000E+0Q0
« 409E+00
«852E+00
« T40E+0Q0

+000E+00

~+983E+00 -+ 635E+00
-+ 559E+00 -+102E+0]

~+851E+00

XG= 8 ZG==1.00
DIRECTIONAL STABILITY ROMTS
REAL IMAG REAL
“+277E+00 <Q00E+00 -.121E+01
=+ 237E+00  +00QE+00 -.+158E+0]
“+236E+00 +000E+00 -.+146E+01
“+901E-01 +000E+00 =+145E+0]
*253E+00 +000E+00 =+ 699E+00
=«257E+00 +000E+00 -+182E+0]1
=+307E+00 <0O00E+00 -+190E+01
*391E+00 +<000E+00 =+154E+0]
e 61 4E+00 + 124E+00 -+ 6] 4E+00
+364E+00 < 00CE+00 -.4]4E+00
*264E+00  +000E+00 -.209E+01
* 41 6E+00  <000E+00 -+195E+01
*+ 664E+00 +O00E+00 -.138E+0]
*651E+00 «S62E+00 -+ 651 E+00
+388E-01 «401E+00 =+ 388E-01
*283E+00 +000E+00 -.215E+01
*S27E+00 +<O000E+00 -.189E+0}
"« 103E+01 «409E+00 -.103E+01
*+ 633E+00 +<8S2E+00 -. 633E+00
+734E-02 « T40E+00 .+ 734E-02
*535E+00 +000E+00 ~+183E+01
+983E+00 +635E+00
*559E+00 +102E+0]
*116E+00 +8S1E+00 .116E+00
£28
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R=1851

TABLE E-22

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

CDEL
« 222
+ 192
«218
+ 025
« 028
«176
«210
« 283
«375
L ] A73
« 135
« 240
- 358
« 484
« 608

« 252
« 41 4
« 573
« 720
214
- 421
+ 608
« 770

BETA=20. DEG

DRAFT
+ 154
> 165
+191
074
+ 082
117
«140
+170
«200
227
+ 091
<124
0155
«181
+ 204

+110
+ 139
+163
+ 182
+ 093
121
142
.]57

WP i s g o
e i i it e BT o

XG=1.2

ZG==-0+50

DIRECTIONAL STABILITY ROQTS

EHP REAL
N«114 -+ 409E+00
0091 =.376E+00

0104 =+¢396E+00
0+068 =+52¢6E-01
0.08t +833E-01
0329 =+438E+00
0+307 =+536E+00
0«334 =-+«730E+00
0+387 =+968E+00
D+ 460 =51 4E+00
0+ S512 =+ 478E+00
0+ 582 -.856E+00
De 666 =« 141E+01
O« 763 =+114E+0]1
0+870 =+ 68B6E+00

Ne970 =+141E+01
1171 -+152E+01
1356 =+124E+01
1¢534 =«767E+00
1-555 =+170E+01
16957 -+156E+01
2.289 -.125E+01
2+ 585 =+ 759E+00

E29

IMAG REAL
+»000E+00 =-+148E+01
+000E+CO ~+170E+01
+000E+00 =-+153E+01
+000E+00 -+225E+01
«00CE+00 =-«173E+01
+D00E+00 -+214E+01
+000E+00 -.212E+01
«+000E+00 ~+173E+01
+ 452FE+00 =+« 968E+00
« 593E+00 =+ 514E+00
+Q00E+00 =-+253E+01
+000E+00 -.21BE+0!

IMAG
+000E+00
+000E+0O
+Q00E+0O0
+000E+00
+000E+0O
+000E+00
+000E+00
+0C0E+00Q

-+ 452E+00
hadi 593E+00

« 000 E+0QO0
+000E+0Q0

« 653E+00
«117E+01
+ 142E+01

+000E+00
«127E+01
« 183E+01
+ 21 6E+01
+ 20 TE+00
«167E+01
« 234E+01
«275E+01

-+ 141E+01 =+ 653E+00
=+ 114E+01 -+117E+01
=+ 6BOE+00 -+142E+01

-+188E+01 +000E+00
-+ 152E+01 -.127E+01
=+ 124E+01 -.1B83E+01
=+s 767E+00 -+216E+01
-+170E+01
=+ 156E+01 =1 67E+01!
=« 126E+01 -+«234E+01
-+ 759E+00 =+275E+01

-+«207E+00
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R=1851

JABLE E-23

STRAIGHT COURSE EQUILIBRIUM AND STABILITY

CDEL
+ 219
+ 188
212
026
+ 029
173
206
277
+ 366
. 461
+ 131
+ 234
L 350
L 472
« 591

« 244
« 403
+» 556
« 6V 6
« 206
« 407
« 585
+ 737

BETA=20. DEG
DRAFT EHP
«+152 0.113
+163 0.090
«+188 0.102
+075 0.068
+0B3 0.081
+116 0.326
+139 0303
+168 0.328
+196 0380
«222 0.450
+090 0504
+123 0572
«152 0.652
178 04745
+199 0.848
+108 0.951
+136 1.145
+159 1.322
+ 177 1e492
+ 092 1.528
«118 1.915
+138 2.231
+152 2+510

XG=1.2 ZG==0+7S
DIRECTIONAL STABILITY RQOOTS
REAL IMAG REAL IMAG

=+ 404E+00 +«OOOE+00 =-+150E+01 +000E+00
~«369E+00 +000E+00 =-+172E+01 +000E+00
=+ 3B6E+00 «000E+00 =-+156E+01 +000E+00
-«531E-01 +0D00E+00 -+«225E+01 «000E+00

+833E~0! +000E+00 =+173E+01 «00Q0E+00
=+ 432E+00 +Q00E+00 =+215E+0! +0Q00E+00
=+ 526E+00 +000E+00 -+.213E+01 +000E+00
=+ 711E+00 +0O0CE+00 =-+176E+01 +000E+00
“+9T7TE+00 + 426E+00 =+977E+00 =-+426E+00
=+ 529E+00 +591E+00 =-+«529C+00 =-+591E+00
=+ 468E+00 +000E+00 =-+254E+01 +000E+00
~+833E+00 +<000E+00 -+.221E+01 +000E+00
~e141E+01 <« 61BE+00 =+141E+01 -.618E+00

+115E+01 «115E+01 =+115E+01 -«!115E+01
=+ 693E+00 +140E+01 =-+693E+00 =-+140E+01
-+131E+01 +QO00E+00 =-+197E+01 «000E+QO
=+ 152E+01 +123E+01 =-+152E+01 ~+123E+01
=+ 124E+01  «179E+01l =+124E+01 -.+179E+0]
=+ 76BE+00 +212E+01 -« 768BE+00 =+212E+01
“«151E+01 +000QE+00 =-+189E+01 +000E+00
~+156E+01 +162E+0] -+156E+01 =+162E+0]
=« 125E+0]1 .228E+01 =-+125E+01 -.228E+01
=« 752E+00 +267E+01 -+ 7S2E+00 -+267E+01

E30
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R=1851

TABLE E-2h4

STRAIGHT C2QURSE EQUILIBRIUM AND STABILITY

CDEL
«216
184
e 207
W02 &
« 030
'170
201
«271
«357
.448
- 127
228
«34]
° 460
574

+ 238
» 392
*« 539
L] 672
+ 199
« 393
« 564
« 705

« 147

BETA=20. DEG
DRAFT EHP
+151 0.112
+ 161 0.089
+ 185 0.100
+075 0.068
+ 083 0.082
+115 0.322
137 0.298
«165 0.322
+193 0.372
+217 0+439
«0B9 0.496
+12]1 0.562
150 0.639
«174 0.728
+194 0.826
«107 0.933
+134 1+119
+156 1.288
«172 1.450
+091 1.503
+116 1.873
+ 135

XG=1.2

Z26==1.00

DIRECTIONAL STABILITY ROOTS

REAL
-«398E+00
=+ 362E+00
~+377E+00
=+ 536E-01

+834E-01

= 42 6K+00

-+ 51 7E+00
-+ 692E+00
“+ 98 7E+00
-+« 544E+00
~+ 458E+ 00
-+811E+00
= ] 41E"‘01
-+ 115E+01
-« T00E+00

~+124E+0]

=+ 1 52E+01

~«124E+01
~+ T6BE+00

-+ 136E+01
~+155E+01

2+174 -+ 125E+01
2437 = T44E+00

E31

IMAG

REAL

+000E+00 =+151E+0!
+vOOOE+00 -+174E+01
+000E+00 -+159E+01

+000E+00
+000E+QQ
+000E+00
+000E+00
+000E+00
+ 39 6E+00
« 5BSE+00
+000E+00
+000E+00
« 5B1E+00
+ 1 13E+01
+ 138E+0]

+000E+00
«120E+01
1 TSE+01
+207E+01
«Q000E+0QO0
» 1 STE+O!
+222E+01
+259E+01

-

-

-

«225E+01
« 1 73E+01
« 21 6E+01
«215E+01
+9BTE+00
« 544E+00
«253E+01
«223E+01
«1 41 E+0]
+115E+01
« 7T00E+0D

«205E+01
+ 1 S2E+0O1
« 124E+01
« T68E+00
+ 204E+01
+ 1 55E+01

-+ 125E+01

« T44E+00

IMAG
+000E+00
+000E+00
+000E+00
+000E+00
+000E+00
+000E+0D
«000E+00
+000E+00

~«+396E+00
-« 585E+00

«000E+Q0
+000E+0D

~+581E+00
~«113E+01
~+138E+01

+000E+00

-« 120E+01}
-« 1T5E+01
=~ +207E+01

+000E+00

-« 157E+01
~+222E+0]
- «259E+01
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I TABLE E=2
| f CRAFT PARAMETERS FOR BOAT TESTED IN REFERENCE 9
; Boat Parameters Engine Parameters
xé 1.099 bl -0.05170
yé 0 b2 -0.5658
zh  =0.uk2 by -1.5803
t
Rx 2.68 GP 0
R; 18.4 YE i.923 |
1
wéR 218 o
Propeller Parameters Rudder Parameters %
g, -0.0626 g, -0.0543
] - j
i Cp 0.322 Clo 0 ]
' §.;.A =0.0562 i
1 0 AR 1.25
TA
g%A 0.450 S& 0.0362 ‘
; ;
Op 0.2 Cpop  ©0-008 !
Pitch 1.2 b
BAR 0.65 0.50 :
Kio 0.339 0.317 Boat Parameters in :
KTJ _0.05739 _0.0"75" Engineering Units 3
KTJJ 0.0008928 0.0001786 Beam, ft 5.56 i
KQo 0.062 0.058 Weight, 1b 2356
KQJ -0.009536 -0.008286 LCG, ft fwd 6.1 =
Kquy  ©:0001766 0.0001429 of transom |
VCG, ft above 2.46 ,
keel |
{
: 1
- nER’ rpm 5000 %
J " {
4 | E
[
I
E32 D3
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.000
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R=1

851

E-26

TABLE

"URNING EQUILIBRIUM CONDITIONS

] ]

9 z+ Ch  9p HPer w' o @

960 .09925 .22 75.51 .6062 0 2,960 1.856
915 ,09535 22 77.20 .,6253 0 2.915 1,935
.585 ,1763 .22 58,26 .4486 0 L,s84 1,126
.339 .1249 .22 67.28 .5230 0 3.338 1.49)
.752 .07834 .22 89.14 7886 0 2.752 2.562
.725 .07198 .22 105.86 1.1289 0 2,726 3,770
545 1117 .3 80.68 .6837 0 3.545 1.547
.978 .06650 .1 71,66 .5399 0 1.980 3.883
.838 07854 .22 73.05 .5607 0 2.838 1,663
.856 .1409 .22 57.06 .4340 0 4.853 1.050
630 . 1044 .22 63.01 .4657 0 3.629 1,233
.522 ,1363 .22 53,54 .3923 0 1.522 0.935
743 L1447 .22 67.87 .5314 0 3.743 1.509
326 1173 .22 80.40 .6788 0 3.326 2,162
936 .09960 .22 75.46 .6062 -.01855 2.900 3.680
.858 1007 .22 75.28 .6062 =-.03915 2.787 §.28)
11,1021 .22 74,99 6062 -.n6251 2.614 6.816
.408 ,1023 .22 74,66 .6062 -.09796 2.312 9.97I
520 1124 .3 80.62 .6837 -.01730 3.470 3.305
Ahh 1144 .3 80.40 .6837 -.03558 3.343 4,357
323 (1174 .3 80.06 .6837 =-,05397 3.172 4.503
L1583 ,1208 3 79.64 .6837 -.07317 2.957 4,240
.903  .1237 .3 79.16 .6837 -.09577 2.672 4.356
L4470 1308 .22 65.82 ,5096 0 3.446 1,428
403 1306 .22 65.82 ,5096 -.02361 3.368 3.566
.278 1300 .22 65,78 .5096 -.04699 3.203 L4.516
081 1284 .22 65.71 .5096 ~.06943 2,968 4,79)
T2 124 .22 65.69 .,5096 -.09816 2.61C 6.210
.960 ,09925 .22 76.60 .5957 0 2.960 1,833
936 .09960 .22 76.55 ,5957 -.01856 2.900 3,658
.858 .1007 .22 76.38 .5957 -.03917 2.787 5.261
J11 1021 .22 76.12 .5957 -,06253 2.614 6,799

E33 GPO 890.240
e . L

L

0614
.0633
.0557
.0543
.0839
. 1348
.0568
142

L0614
0772
0516
0264
0642
.0779




